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BACKGROUND OF THE INVENTION 
A critical event in T-cell activation is the formation of a specialized 
junction between the T lymphocj^e and the antigen-presenting cell. This interface has 
been termed the supra-molecular activation cluster, and consists of a central cluster of 
T-cell receptors surrounded by a ring of adhesion molecules. Three-dimensional 
analysis of this cluster has shown the presence of the 0 isoform of protein kinase C, 
protein kinase C theta (PKC9), in the central core region of the supra molecular 
activation cluster (SMAC), suggesting a key role for this kinase in T-cell activation 
(Monks et al., 1997, Nature 385:83-86; Monks et al., 1998, Nature 395:82-86), 
Subsequent in vitro and in vivo studies confirmed an essential role for PKC0 in 
transducing signals from the T-cell receptor leading ultimately to activation of 
transcription factors such as NF-kB and AP-1 (Ghaffari-Tabrizi et al., 1999, Eur. J. 
Immunol. 29:132-42; Coudronniere et al., 2000, PNAS 97:3394-9; Khoshnan et al., 
2000, J. hnmunol. 165:6933-40; Werlen et al., 1998, EMBO J. 17:3101-1 1). Genetic 
inactivation of PKCG demonstrated that T cells from PKCG-deficient mice display a 
severe defect in CD3/CD28 induced T cell proliferation and more importantly, a 
complete absence of TCR, but not tumor necrosis factor alpha (TNF-a) or interleukin- 
1 (IL-1), initiated NF-kB activation. Although these results indicate that PKC9 
fimctions in a unique pathway that links the TCR signaling complex to the activation 
of NF-kB in mature T cells, the molecular mechanism by which TCR activates PKCG 
is still poorly imderstood. 

Many protein kinases, including those of the protein kinase C family, 
require phosphorylation by upstream kinases in order to express fiill catalytic activity. 
Extensive biochemical, biophysical, and cell biological studies over many years have 
led to significant insight into how the activity of protein kinase C is regulated 
(Newtons, 1997, Curr. Opin. Cell Biol. 9:161-7; Newtons and Johnsons, 1998, 
Biochim. Biophys. Acta 1376:155-72). Protein kinases of this family contain a 
segment near the active site that must be phosphorylated in order to correctly align 
residues for catalysis and to stabilize the catalytically competent conformation of the 
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enzyme (Dutil and Newtons, 2000, JBC 275:10697-701). This segment, the 
activation loop, typically blocks the active site in an inactive confomiation, and only 
moves out of the active site following phosphorylation. Phosphoinositide-dependent 
kinase PDK-1 has recently been shown to be the upstream kinase of a number of 
5 protein kinases including both atypical and conventional isoforms of PKC (Toker and 

Newtons, 2000, Cell 103:185-8). PDK-1 is regulated by its upstream kinase 
"phosphoinositide 3 kinase" (PI3 kinase) through the generation of lipid products 
such as phosphatidylinositol-3,4,5-triphosphate (Le Good et ah, 1998, Science 
281 :2042-5). Prior studies have suggested the existence of a pathway where PI3- 

10 kinase-generated lipid products activate PDK-1, that in turn leads to the 

phosphorylation and activation of PKC family members. However, the effect of 
PDK-1 on PKC9 was not known, and the question remained whether the PI3 
kinase/PDK-1 pathway could activate PKC9 in T-cells. 

Presently, treatment of immunological diseases is not typically very 

15 specific, and often induces numerous side effects. For example, cancer drugs may be 

used to treat hyperproliferative immunological disorders, but many cancer drugs are 
not targeted to one type of cell. As a result, these drugs affect many different types of 
cells, both healthy and diseased. Cyclosporine is also used for inmiunosuppresive 
therapy, but the result of the use of this dmg is a systemic immunosuppression, 

20 rendering the patient vulnerable to disease and illness. Accordingly, there is a long— 

felt need to identify and establish efficient, targeted methods of treating 
inmiunological diseases. 

The protein kinase isoform PKC9 has been shown to play a critical 
role in T-cell activation and is essential for T-cell-receptor induced activation of the 

25 transcription factor NF-kB. However, very little is known about the molecular events 

that lead to the activation of PKC0 in T-cells. Therefore, by establishing the sequence 
of events that lead to the activation of PKC0 upon T-cell receptor engagement, novel 
strategies can be identified for suppressing T-cell responses that could be used to 
develop directed therapies for immunological diseases. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention includes a polypeptide that interacts with 
phosphoinosi tide-dependent kinase- 1 (PDK-1), methods of using the polypeptide, an 
isolated nucleic acid encoding the polypeptide, vectors containing the nucleic acid, 
and cells containing the vectors. The invention also includes a polypeptide that 
inhibits PKCO activation, T-cell activation, NF-kB activation, and prevents formation 
of the supramolecular activation cluster. 

In one embodiment of the invention, an isolated nucleic acid encoding 
a peptide fragment of PKCG, wherein the peptide fragment can selectively interact 
with PDK-1, is provided. Another embodiment of the invention provides the 
polypeptide encoded by the isolated nucleic acid, referred to herein as PIF0. 

An embodiment of the invention provides an isolated nucleic acid that 
is a homolog, variant, mutant or fragment of a nucleic acid encoding a peptide 
fragment of PKC9, wherein the peptide fragment can selectively interact with PDK-1. 
Another embodiment of the invention provides the polypeptide encoded by the 
isolated nucleic acid that is a homolog, variant, mutant or fragment of a nucleic acid 
encoding a peptide fragment of PKCG, wherein the peptide fragment can selectively 
interact with PDK-1. 

One embodiment of the invention provides an isolated nucleic acid that 
is at least 90% identical to a nucleic acid encoding a peptide fragment of PKCG, 
wherein the peptide Augment can selectively interact with PDK-1. Another 
embodiment of the invention provides the polypeptide encoded by the isolated nucleic 
acid that is at least 90% identical to a nucleic acid encoding a peptide fragment of 
PKCG, wherein the peptide fragment can selectively interact with PDK-1. 

In an aspect of the invention, the isolated nucleic acid encoding PIFG 
comprises a fusion sequence encoding a membrane-permeabilizing sequence to 
facilitate transport of a peptide fragment/membrane-permeabilizing fusion protein into 
a cell. Another aspect of the invention provides the fusion protein encoded by the 
isolated nucleic acid encoding both PIFG and a fusion sequence encoding a 
membrane-permeabilizing sequence to facilitate transport of a peptide 
fragment/membrane-permeabilizing fusion protein into a cell. 
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An embodiment of the invention provides a method that comprises 
modulating the activation of PKC9 in a cell by administering to a cell a fusion protein 
encoded by an isolated nucleic acid encoding a peptide fragment/membrane- 
permeabilizing sequence fusion protein.. Another embodiment of the invention 
provides a method wherein inhibition of the phosphorylation of PKCO in the cell by 
administration of a peptide fragment/membrane-permeabilizing sequence fusion 
protein decreases the PKCG activation. Yet another embodiment of the invention 
provides a method wherein activation of PKCG is inhibited in the cell by a peptide 
fragment/membrane-permeabilizing sequence fusion protein. 

In an aspect of the invention, a method is provided that comprises 
modulating the activation of NF-kB in a cell by administering to a cell a fusion 
protein encoded by an isolated nucleic acid for a peptide fragment/membrane- 
permeabilizing sequence fusion protein. Another aspect of the invention provides a 
method wherein activation of a T-cell is modulated by administration of a peptide 
firagment/membrane-permeabilizing sequence fusion protein. In yet another aspect of 
the invention, a method is provided that comprises inhibiting T-cell activation by 
administering to a cell a fusion protein encoded by an isolated nucleic acid for a 
peptide fragment/membrane-permeabilizing sequence fiision protein. In another 
aspect of the invention, a method is provided that comprises inhibiting T-cell 
receptor-induced activation of a T-cell by administering to a mammal a fusion protein 
encoded by an isolated nucleic acid for a peptide fragment/membrane-permeabilizing 
sequence fusion protein. 

In an embodiment of the invention, a method is provided for treating 
systemic lupus erythematosis, whereby the method comprises administering to a 
mammal a fusion protein encoded by an isolated nucleic acid for a peptide 
fragment/membrane-permeabilizing sequence fusion protein. In another embodiment 
of the invention, a method of suppressing the immune system of a organ-transplant 
patient comprises administering to the patient a fusion protein by an isolated nucleic 
acid for a peptide fragment/membrane-permeabilizing sequence fusion protein, such 
that the patient's immune system is suppressed. 

An aspect of the invention provides a method for inhibiting PKC9 
translocation to the supramolecular activation cluster in a T-cell by administering to a 
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mammal a fusion protein encoded by an isolated nucleic acid for a peptide 
fragment/membrane-pemieabilizing sequence fusion protein. Another aspect of the 
invention provides a method of inhibiting formation of a supramolecular activation 
cluster in a T-cell by administering to a mammal a fusion protein encoded by an 
isolated nucleic acid for a peptide fragment/membrane-permeabilizing sequence 
fusion protein, whereby the components of the supramolecular activation cluster do 
not associate to form the supramolecular activation cluster. 

In an embodiment of the invention, a composition is provided that 
includes a fusion protein encoded by an isolated nucleic acid for a peptide 
fragment/membrane-permeabilizing sequence fusion protein and a pharmaceutically- 
acceptable carrier. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is an illustration of the PI3-kinase-PDK-l pathway leading 
to the activation of several members of PKC family. 

Figure IB is a graph comparing Hela cells that were transiently 
transfected with pBIIx luciferase reporter gene along with PKC9 (0.4 pg) or p85 AN 
(0.4 ^ig) either alone or in combination and then harvested after 24 hours and assayed 
for luciferase activity. 

Figure IC is a graph comparing purified T cells from KB-luciferase 
mice. Cells (1 x 10^ cells/mL) were pre-treated with wortmannin (100 nM) or 
LY294002 (10 pM) for 30 min and then stimulated with plate-bound anti-CD3/CD28 
antibodies (5 |ig/ml) for 18 hours. 

Figure ID is a graph comparing Hela cells that were transiently 
transfected with PKC9 wild type or mutants A148E (constitutively active; ca) or 
K409R (kinase dead; mut) (0.4 pg) in the presence or absence of PDK-1(0.4 ng) and 
then harvested after 24 hours and assayed for luciferase activity. 

Figure IE is a graph comparing Hela cells that were transfected with 
PDK-1 wild type or mutants A277V (constitutively active; ca) or Kl 1 1 A/D223A 
(kinase dead; mut) (0.4pg) in the presence or absence of PKCO (0.4 jig) and then 
harvested after 24 hours and assayed for luciferase activity. 

Figure IF is a sequence alignment of both the activation loop and the 
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hydrophobic motif sequences for PKC isoforms. 

Figure IG is an illustration of the conserved activation loop Threonine 
(Thr538) and COOH-terminal Serine (Ser695) phosphorylation sites present in PKCG. 

Figure IH is a series of immunoblots depicting purified T cells from 
B6 mice (2x10^ cells/ml) that were stimulated with plate bound anti-CD3/CD28 
antibodies (5 ^ig/ml) for the indicated time. Cell lysate proteins were immunoblotted 
with the following antibodies: anti-phospho Thr538 of PKCG, anti-pan phospho 
PKCG (Cell signaUng Technology, Beveriy, MA) and anti-PKCG (Transduction Lab, 
Lexington, KY). 

Figure II is a graph comparing Hela cells that contained PKCG wild 
type protein or mutants S695A or T538A (0.4 pg) in the presence or absence of PDK- 
1(0.4 ^ig) and then harvested after 24 hours and assayed for luciferase activity. 

Figure 2 A is an image of a series of immunoblots showing the levels of 
PKCG and PDK-1 in HEK293 cell lysates after transfection with various PKCG 
mutants. 

Figure 2B is an illustration of PKCG carboxyl terminal deletion 
mutants. Cells were transfected with PKCG deletion mutants (1 |ag) and PDK-1 (1 pg) 
for 24 hours. After lysis, samples were immunoprecipitated by using anti-PDK-1 and 
immunoblotted with anti-PKCG or anti-PDK-1. The expression level in lysates before 
immunoprecipitation was determined by immunoblotting with anti-PKCG. 

Figure 2C is a graph conqjaring Hela cells that were transfected for 24 
hours with PKCG deletion mutants alone (0.4 pg) or with PDK-1 (0.4 fig) and then 
harvested after 24 hours and assayed for luciferase activity. 

Figure 2D is a graph comparing Hela cells that were transfected with 
PKC ,PIFG, PDK-1 alone (0.4 pg) or with PKCG and PDK-1 (0.4 pg) along with 
increasing amount (0.3-0.6-0.9 ng) of PIFG and then harvested after 24 hours and 
assayed for luciferase activity. 

Figure 2E is an image of a series of immunoblots showing that PIFG 
blocks the interaction of PKCG with PDK-1 in 293 cells. Cells were transfected with 
PKCG (1 fig) and PDK-1 (1 ^g) along with increasing amount (0.5-1 pg) of GST-PIFG 
for 24 hours. After lysis, samples were immunoprecipitated by using anti-PDK-1 and 
immunoblotted with anti-PDK-1 or anti-PKCG. The expression level of GST-PIFG in 
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lysates before iminunoprecipitation was detennined by iminunoblotting with anti- 
GST. 

Figure 2F is an image of a series of immunoblots showing that GST- 
PIFe interacts with PDK-1 in 293 cells. Cells were transfected with GST-PIFG and 
5 PDK-1 (1 ^ig) for 24 hours. After lysis, samples were immunoprecipitated by using 

anti-GST and inununoblotted with anti-PDK-1 or anti-GST. The expression level 
PDK-1 in lysates before inununoprecipitation was detennined by immunoblotting with 
anti-PDK-1. 

Figure 2G is a series of images showing a schematic representation 
10 (left) and expression level of HA-tagged PDK-1 deletion mutants in 293 cells (right). 

Cells were transfected with GST-PIFG (1 )ag) and HA-tagged PDK-1 deletion mutants 
(1 |ig) for 24 hours. After lysis, samples were immimoprecipitated by using anti-GST 
and immunoblotted with anti-HA. GST-PIFG only interacted with the construct 
expressing the PDK-1 catalytic domain (PDK-1 84-332) (lower). 
1 5 Figure 2H is a graph comparing Hela cells that were transfected with 

HA-tagged PDK-1 deletion mutants alone (0.4 fig) or with PKCG (0.4 jig) and then 
harvested after 24 hours and assayed for luciferase activity. 

Figure 3A is a diagram comparing sequences of wild-type and 
scrambled peptides indicating the Antennapoedia homeodomain (lower case) and 
20 PKCG segments. 

Figure 3B is an image of a series of immunoblots demonstrating that 
PIFG peptide inhibits PKCG-PDK-1 interaction in primary T cells. Purified primary T 
cells fi-om 136 mice were pre-treated with peptides for 3 hours and then stimulated 
with anti-CD3/CD28 plate bound antibodies for 1 hour. After lysis, samples were 
25 immunoprecipitated by using anti-PDK-1 and immunoblotted with anti-PKCG or anti- 

PDK-1. The expression level in lysates before immunoprecipitation was determined 
by immunoblotting with anti-PKCG. 

Figure 3C is a series of immunoblots illustrating Jurkat cells that were 
incubated with 0.2, 2 or 20 jiM of each peptide followed by incubation with plate- 
30 bound anti-CD3/CD28 (5 fxg/ml) for 2 hours. EMSA was performed by using nuclear 

extracts and a specific KB-site probe as previously described. 

Figure 3D is a graph illustrating luciferase reporter activity is cell 

7 



SUBSTITUTE SHEET (RULE 26) 



wo 03/004612 PCT/US02/21215 

lysates for an assay in which purified T cells from KB-luciferase mice (1 x 10^ 
cells/ml) were pre-treated with peptides for 3 hours and then stimulated with plate 
bound anti-CD3/CD28 antibodies (5 jig/ml) or TNF-a (100 ng/ml) for 18 hours. 

Figure 3E is a graph illustrating purified T cells from B6 mice (5x10^ 
cells/ml) that were pre-treated with peptides for 3 hours and then stimulated with plate 
bound anti-CD3/CD28 antibodies (5 ^g/ml) with or without IL-2 (20 units/ml) for 48 
hours. Thereafter the cells were incubated with MTT (5 mg/ml) for 4 hours and lysed 
to measure proliferation. 

Figure 3F is a graph illustrating IL-2 production in supernatant of 
purified T cells from B6 mice (1x10^ cells/ml) that were pre-treated with peptides for 3 
hours and then stimulated with plate bound anti-CD3/CD28 antibodies (5 jig/ml) for 
24 hours. 

Figure 3G is a series of images illustrating surface expression of CD25 
and CD69, assayed by flow cytometry 14 hours after stimulation with anti-CD3/CD25 
antibodies (5 ^ig/ml). Thereafter the cells were collected and lysed to measure 
luciferase activity. 

Figure 3H is a graph illustrating induction of CHS. The shaved mouse 
abdomen skin was painted with 20 ml of 0.5% DNFB (Sigma, St. Louis, MO) in 
acetone/olive oil (4:1). Five days later, mice were challenged, mice were challenged 
with 20 ml of 0.2% DNFB on each side of the right ear. As a control, the left ear was 
painted with an identical amount of vehicle. The ear thickness was measured at 24 
hours after challenge. Mice treated with peptides received, 1 hour before the DNFB 
challenge, 1 mg of each peptide in 0.5 ml of PBS/0.005% DMSO. 

Figure 4A is an image of an immunoblot illustrating that PI3-kinase 
inhibitors or PIF6 peptide inhibit the interaction of PKCG with PI3-Kinase and LAT 
in Jurkat cells. Cells were pre-treated with wortmannin (lOOnM) or LY294002 
(lOuM) for 30 min and then stimulated with anti-CD3/CD28 plate bound anti-bodies 
for 1 hour. After lysis, samples were immunoprecipitated by using anti-PKC9 and 
imnmnoblotted with anti-P 13 -kinase or anti-LAT. 

Figure 4B is an image of an immunoblot illustrating that PI3-kinase 
inhibitors or PIFG peptide inhibit the interaction of PKCG with PI3-Kinase and LAT 
in Jurkat cells. Cells were pre-treated PIF peptides for 3 hours and then stimulated 
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with anti-CD3/CD28 plate bound anti-bodies for 1 hour. After lysis, samples were 
immunoprecipitated by using anti-PKCe and immunoblotted with anti-PI3 -kinase or 
anti-LAT. 

Figure 4C is a series of images illustrating that PKC9 is localized to 
the cytoplasm in T-cells that were incubated with non-pulsed APCs and that PKC0 
localized to the contact area between cells upon incubation with MCC-puIsed APCs. 
T cells were mixed with antigen-pulsed APC as previously described (Balamulh et al, 
2001, Inununity 15:729-38). The expression level of PKCG in lysates before 
immimoprecipitation was determined by immunoblotting with anti-PKCG. 

Figure 4D is a series of FITC-anti-Vb3 -based immunodetection images 
illustrating that incubation of T-cells with MCC-pulsed APCs caused localization of 
the T-cell receptor and the receptor rafts to the supramolecular activation cluster, but 
did not cause localization with non-pulsed APCs. Pretreatment of T-cells with the 
wild type PIF0 peptide abolished supramolecular activation cluster formation, but 
scrambled PIF0 peptide had no effect. 

Figure 4E is a series of FITC-conjugated cholera toxin-based 
immunodetection images illustrating that incubation of T-cells with MCC-pulsed 
APCs caused localization of the T-cell receptor and the receptor rafts to the 
supramolecular activation cluster, but did not cause localization with non-pulsed 
APCs. Pretreatment of T-cells with the wild type PIF9 peptide abolished 
supramolecular activation cluster formation, but scrambled PIF6 peptide had no 
effect. 

DETAILED DESCRIPTION OF THE INVENTION 
It has been discovered in the present invention that a ftision peptide 
consisting of PDK-1 Interacting Fragment of PKCO (PIFG) and a membrane- 
permeabilizing sequence can specifically block activation of PKCO and NF-kB 
activation in TCR-stimulated T-cells. Blocking the association of PKCO with PDK-1 
leads to the abolishment of synapse formation between T-cells and APC, suggesting a 
critical role for PKCO in cellular events required for the formation of the supra- 
molecular activation cluster (SMAC). More significantly, administration of the FIFO 
peptide significantly attenuates immune responses in a mouse model of contact 
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hypersensitivity. The present invention establishes the sequence of events that leads 
to the activation of PKCG upon TCR engagement and identifies a novel strategy for 
suppressing T-cell responses that is useful for development of future therapies for 
immunological diseases. 
S The present invention includes an isolated nucleic acid, isolated 

protein, and methods for the inhibition of full-length PKCG activation, inhibition of T- 
cell activation, inhibition of supra molecular activation cluster (SMAC) formation and 
localization, and inhibition of NF-kB activation. A key feature of the invention 
therefore is the design and expression of peptide fragments of PKC9 that inhibit such 

10 formation and activation events. Further, isolated peptides expressed in this manner 

are a key feature of this invention. 

The present invention relates to peptide fragments of protein kinase C 
theta (PKCG) and the use of these peptide fragments in the inhibition of full-length 
PKCG activation, inhibition of T-cell activation, inhibition of supra molecular r. 

15 activation cluster (SMAC) formation and localization, and inhibition of NF-kB 

activation. The molecule responsible for activating PKCG in T-cells is 
phosphoinositide-dependent kinase- 1 (PDK-1). The specific region of interaction 
between PKCG and PDK-1 has been mapped in the present invention and has been 
found to be localized to the C-terminus of PKCG, now termed "PDK-1 -interacting'^ 

20 fragment of PKCG" (PIFG), 

In one aspect of the invention, there is provided an isolated nucleic 
acid encoding a fragment of PKCG. The invention should not be construed to be 
limited to the specific nucleic acid encoding a fragment of PKCG disclosed herein, but 
rather, can include nucleic acids isolated from numerous sources, including 

25 mammalian tissue and cDNA libraries. The isolated nucleic acid of the invention may 

be characterized using any technique well known in the art, such as nucleotide 
sequencing (Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, New York). Upon identification of the isolated nucleic 
acid as encoding a PKCG polypeptide having the biological activity of interaction 

30 with PDK-1, the isolated nucleic acid may be modified as described elsewhere herein. 

SEQ ID N0:1 is full-length human PKCG cDNA (GenBank accession 
number NM-006257), and the corresponding protein is set forth in SEQ ID N0:2. 
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One aspect of the invention provides a truncated form of SEQ ID NO:2 (SEQ ID 
NO:3, which is encoded by the nucleic acid of SEQ ID NO:4) having only the 
carboxy-terminal portion of SEQ ID NO:2 to form a PKCG protein fragment. 

The invention should not be construed to be limited solely to a nucleic 
acid encoding a fragment of human PKCG, but rather, should be construed to 
encompass any nucleic acid encoding a fragment of PKCG, either known or unknown, 
which is cfi^able of inhibiting T-cell activation, PKCG translocation, and SMAC 
assembly when expressed. Modified nucleic acid sequences, i.e. nucleic acid 
sequences having sequences that differ from the nucleic acid sequences encoding the 
naturally-occurring proteins, are also encompassed by the invention, so long as the 
modified nucleic acid still encodes a protein having the biological activity of 
modulating the growth of a neuron, for example. These modified nucleic acid 
sequences include modifications caused by point mutations, modifications due to the 
degeneracy of the genetic code or naturally occurring allelic variants, and further 
modifications that have been introduced by genetic engineering, i.e., by the hand of 
man. Thus, the term nucleic acid also specifically includes nucleic acids composed of 
bases other than the five biologically occurring bases (adenine, guanine, thymine, 
cytosine and uracil). 

Nucleic acids having at least 80 percent identity to SEQ ID NO:4 are 
also encompassed by the present invention. More preferably, nucleic acids having at 
least 90 percent identity to SEQ ID NO:4 are also encompassed by the present 
invention. The determination of percent identity between two nucleotide or amino 
acid sequences can be accomplished using a mathematical algorithm. For example, a 
mathematical algorithm usefiil for comparing two sequences is the algorithm of 
Karlin and Altschul (1990, Proc. Natl. Acad. Sci. USA 87:2264-2268), modified as in 
Karlin and Altschul (1993, Proc. Natl. Acad. Sci. USA 90:5873-5877). This 
algorithm is incorporated into the NBLAST and XBLAST programs of Altschul, et al. 
(1990, J. Mol. Biol. 215:403-410), and can be accessed, for example at the National 
Center for Biotechnology Information (NCBI) world wide web site having the 
universal resource locator < <http://www.ncbi.nlm.nih.gov/BLAST/ >>. BLAST 
nucleotide searches can be performed with the NBLAST program (designated 
"blastn" at the NCBI web site), using the following parameters: gap penalty = 5; gap 
extension penalty = 2; mismatch penalty = 3; match reward = 1; expectation value 
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10.0; and word size = 1 1 to obtain nucleotide sequences homologous to a nucleic acid 
described herein. BLAST protein searches can be performed with the XBLAST 
program (designated "blastn" at the NCBI web site) or the NCBI "blastp" program, 
using the following parameters: expectation value 10.0, BLOSUM62 scoring matrix 
S to obtain amino acid sequences homologous to a protein molecule described herein. 

To obtain gapped alignments for comparison purposes, Gapped BLAST can be 
utilized as described in Altschul et al. (1997, Nucleic Acids Res. 25:3389-3402). 
Alternatively, PSI-Blast or PHI-Blast can be used to perform an iterated search which 
detects distant relationships between molecules (Id.) and relationships between 

10 molecules which share a common pattern. When utilizing BLAST, Gapped BLAST, 

PSI-Blast, and PHI-Blast programs, the default parameters of the respective programs 
(e.g., XBLAST and NBLAST) can be used. See <. <http://www.ncbi.nlm.nih.gov>> . 

In another aspect of the present invention, a nucleic acid encoding a 
fragment of PKC8 may have at least one nucleotide inserted into the naturally- 

15 occuning nucleic acid sequence. Alternatively, a nucleic acid encoding a fragment of 

PKCG may have at least one nucleotide deleted from the naturally-occuiring nucleic 
acid sequence. Further, a nucleic acid encoding a fragment of PKC0 may haye both a 
nucleotide insertion and a nucleotide deletion present in a single nucleic acid 
sequence encoding the protein. 

20 Techniques for introducing changes in nucleotide sequences that are 

designed to alter the functional properties of the encoded proteins or polypeptides are 
well known in the art. Such modifications include the deletion, insertion, or 
substitution of bases, and thus, changes in the amino acid sequence. As is known to 
one of skill in the art, nucleic acid insertions and/or deletions may be designed into 

25 the gene for numerous reasons, including, but not limited to modification of nucleic 

acid stability, modification of nucleic acid expression levels, modification of 
expressed polypeptide stability or half-life, modification of expressed polypeptide 
activity, modification of expressed polypeptide properties and characteristics, and 
changes in glycosylation pattem. All such modifications to the nucleotide sequences 

30 encoding such proteins are encompassed by this invention. 

It is not intended that the present invention be limited by the nature of 
the nucleic acid employed. The target nucleic acid may be native or synthesized 
nucleic acid. The nucleic acid may be DNA or RNA and may exist in a double- 
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Stranded, single-stranded or partially double-stranded form. Furthermore, the nucleic 
acid may be found as part of a virus or other macromolecule. See, e.g., Fasbender et 
aL, 1996, J. Biol. Chem. 272:6479-89. 

The most preferred size of a PKC9 fragment of the invention is that of 
SEQ ID NO:4. However, an isolated nucleic acid of the present invention encoding a 
carboxy-terminal PKC6 fragment of more 14 amino acids (Met 686 to Pro 699) is 
also encompassed by the present invention. 

In another aspect of the invention, a nucleic acid encoding a fragment 
of PKC0 is cloned into an expression vector downstream of the 3' end of a sequence 
encoding multiple functional tags. The amino-terminal fusion to PKC9-encoding 
nucleic acid may comprise a multiple-histidine sequence to aid in purification of the 
expressed polypeptide, an epitope to aid in detection of the polypeptide, or a protease 
cleavage site for cleavage of the purification and detection sequences from the 
expressed polypeptide. 

In another aspect of the invention, PKC9 may be cloned from a Jurkat 

T-cell. 

An isolated nucleic acid of the present invention may be cloned into a 
DNA vector. A vector is a replicable DNA construct, used either to amplify DNA 
encoding the polynucleotide of the invention and/or to express a polypeptide encoded 
by the polynucleotide of the invention. An expression vector is a replicable DNA 
construct in which the polynucleotide of the invention is operably linked to suitable 
control sequences capable of effecting the expression of polypeptide in a suitable 
host. The need for such control sequences will vary depending upon the host selected 
and the transformation method chosen. Generally, control sequences include a 
transcriptional promoter, an optional operator sequence to control transcription, a 
sequence encoding suitable mRNA ribosomal binding sites, and sequences which 
control the termination of transcription and translation. Amplification vectors do not 
require expression control domains. All that is needed is the ability to replicate in a 
host, usually conferred by an origin of replication, and a selection gene to facilitate 
recognition of transformants. 

In yet another aspect of the present invention, a nucleic acid encoding 
a fragment of PKC6 may be expressed in mammalian cells, using an appropriate 
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expression vector and mammalian cell. However, as evidenced by the literature 
relevant to the art, one skilled in the art will appreciate that a PKCG-encoding nucleic 
acid can also be expressed in other eukaryotic cells, including yeast, or in prokaryotic 
cells, including bacteria. A PKC9 protein fragment of the present invention may be 
expressed using any technique well-known in the art, such as simple expression, high 
level expression, or overexpression (Sambrook et al., 1989, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, New York). 

In another aspect of the present invention, PKC9 may be cloned from a 
Jurkat T-cell hne into a pcDNA3 FLAG vector. In still a further aspect of the present 
invention, PKC9 may be cloned from a Jurkat T-cell line into a pCMV FLAG vector. 

The nucleic acids of the invention may be purified by any suitable 
means, as are well known in the art. For example, the nucleic acids can be purified by 
reverse phase or ion exchange HPLC, size exclusion chromatography or gel 
electrophoresis. Of course, the skilled artisan will recognize that the method of 
purification will depend in part on the size of the DNA to be purified. 

The present invention relates to methods of using polypeptides 
encoded by the isolated nucleic acids of the invention. Such methods may be used to 
modulate the activity or level of PKC9 in a cell. The present invention also relates to 
methods of using polypeptides encoded by the nucleic acids of the invention to 
modulate the activation of NF-kB and T-cells, and to inhibit the formation of the 
supramolecular activation cluster. The present invention further relates to methods of 
using polypeptides encoded by nucleic acids of the invention to treat a patient with 
systemic lupus erythematosis (SLE), and to suppress the immune system of a patient. 
It will be understood that these methods may use full length nucleic acids encoding 
polypeptides of the invention, or homologs, variants, mutants or fragments thereof 

SEQ ID NO:2 illustrates the fiill-length human PKC9 polypeptide. 
SEQ ID NO:3, MDQNMFRNFSFMNP, illustrates a truncated form of PKC9 of the 
present invention. The truncated form of PKC9 has the amino acid sequence from 
Met 1 to Ser 685 deleted from the amino-terminus of the polypeptide and Gly 700 to 
Ser 706 deleted from the carboxy-terminus of the polypeptide. 

The present invention also provides for analogs of proteins or peptides 
encoded by PKCO nucleic acids. Analogs can differ from naturally occurring proteins 
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or peptides by conservative amino acid sequence differences or by modifications 
which do not affect sequence, or by both. One embodiment of the present invention 
provides a peptide with at least 80 percent, and more preferably, at least 90 percent 
identity to SEQ ID NO:3. 

For example, conservative amino acid changes may be made, which 
although they alter the primary sequence of the protein or peptide, do not normally 
alter its function. Conservative amino acid substitutions typically include 
substitutions within the following groups: 

glycine, alanine; 

valine, isoleucine, leucine; 

aspartic acid, glutamic acid; 

asparagine, glutamine; 

serine, threonine; 

lysine, arginine; 

phenylalanine, tyrosine. 
Modifications (which do not normally alter primary sequence) include 
in vivo, or in vitro chemical derivatization of polypeptides, e.g., acetylation, or 
carboxylation. Also included are modifications of glycosylation, e.g., those made by 
modifying the glycosylation patterns of a polypeptide during its synthesis and 
processing or in further processing steps; e.g., by exposing the polypeptide to 
enzymes which affect glycosylation, e.g., mammalian glycosylating or 
deglycosylating enzymes. Also embraced are sequences which have phosphorylated 
amino acid residues, e.g., phosphotyrosine, phosphoserine, or phospho threonine. 

Also included are polypeptides which have been modified using 
ordinary molecular biological techniques so as to improve their resistance to 
proteolytic degradation or to optimize solubility properties or to render them more 
suitable as a therapeutic agent. Analogs of such polypeptides include those 
containing residues other than naturally occurring L-amino acids, e.g., D-amino acids 
or non-naturally occurring synthetic amino acids. The peptides of the invention are 
not limited to products of any of the specific exemplary processes listed herein. 

In another aspect of the present invention, compositions comprising an 
isolated PKC9 protein may include highly purified truncated version of PKCG. 
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As used herein, the term "PKC0 protein of the invention" refers to 
truncated versions of PKCG. Substantially pure protein isolated and obtained as 
described herein may be purified by following known procedures for protein 
purification, wherein an immunological, enzymatic or other assay is used to monitor 
5 purification at each stage in the procedure. Protein purification methods are well 

known in the art, and are described, for example in Deutscher et al. (ed., 1990, Guide 
to Protein Purification, Harcourt Brace Jovanovich, San Diego). 

Truncated versions of PKCG usefiil in the present invention include 
various deletion mutants of the carboxy-terminal 77 amino acids firom PKC6. 
10 Specifically, the present invention encompasses a PKCG polypeptide comprising fix)m 

one to 77 amino acids fi-om the carboxy temiinus of a fiiU-length PKCG polypeptide, 
wherein the truncated PKCG polypeptide has the biological activity of interacting with 
PDK-1. Assays for interaction of PKCG truncated mutants with PDK-1 are provided 
elsewhere herein, 

15 Disclosed herein is a method for modulating the activation of PKCG in 

a cell. The method of the invention comprises the use of a fi-agment of PKCG to 
modulate the activation of fiiU-length PKCG by administering a PKCG fragment to a 
cell. As described in greater detail herein, an PKCG fi-agment of the invention 
administered to a cell interacts with PDK-1 to prevent the phosphorylation and 

20 subsequent activation of PKCG. In such a method, phosphorylation-mediated 

activation of PKCG is detected using a phosphate detection method well known to one 
of skill in the art. In one aspect of the invention, phosphorylation of PKCG is detected 
by probing isolated PKCG protein with a phospho-specific antibody, as described in 
the Experimental Details section herein. 

25 "Administration,'* as used herein, refers to the deliberately-effected 

presence of an isolated PKCG protein of the invention or a truncated version thereof 

In one aspect of the invention, isolated truncated PKCG protein is 
administered to a cell by incorporating a membrane permeabilizing amino acid 
sequence on one end of the PKCG protein fragment. A membrane permeabilizing 

30 amino acid sequence can readily be included as part of a PKCG protein fragment of 

the invention, for example, by expressing an isolated nucleic acid encoding a fusion 
protein comprising a nucleic acid sequence encoding a membrane-pemieabilizing 
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sequence located immediately adjacent to a nucleic acid sequence encoding a PKC6 
protein fragment of the invention. Such methods of creating fusion proteins are 
known to one of skill in the art. 

An isolated truncated PKC9 protein may be administered to a cell by 
direct expression of the truncated PKC0 protein in the target cell. In one aspect of the 
invention, an expression vector comprising a PKC9 protein is transfected into a target 
cell. Expression of the PKC6 protein is effected by means known to one of skill in 
the art, resulting in in situ production of PKC0 protein. 

The present invention also presents a method for inhibiting NF-kB 
activation in a cell using a PKC9 fragment of the invention by administering a PKCG 
fragment to a cell. As described in greater detail herein, an administered PKCG 
fragment of the invention interacts with PDK-1 to prevent the phosphorylation and 
subsequent activation of PKCG, which in turn prevents NF-kB activation. In such a 
method, NF-kB activation is measured using an NF-kB reporter plasmid with a 
luciferase reporter. The design, use, and operation of such plasmids are well known 
to one of skill in the art. 

In one aspect of the invention, a plasmid containing a luciferase 
reporter gene is transfected into a cell which will subsequently be used to assay the 
effect of a PKCG fragment of the invention. A PKCG fragment of the invention is 
then administered to the cell and the effect of the PKCG fragment on NF-kB 
activation is evaluated by monitoring luciferase activity. 

The present invention also presents a method for modulating T-cell 
activation using a PKCG fragment of the invention by administering a PKCG fragment 
to a cell. Such a method comprises the use of a fragment of PKCG to modulate the 
activation of full-length PKCG by administering a PKCG fragment to a cell. As 
described in greater detail in the Experimental Details section herein, an administered 
PKCG fragment of the invention interacts with PDK-1 to prevent the phosphorylation 
and subsequent activation of PKCG, which in turn prevents T-cell activation by 
reducing levels of T-cell receptors such as IL-2 and CD-25-containing high-affinity 
IL-2. Levels of other T-cell receptors necessary for T-cell activation may also be 
modulated by administering a PKCG fragment of the invention. The identity of such 
T-cell receptors are well known to one of skill in the art. 
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Inhibition of T-cell receptors is detected in any of a number of ways 
known to one of skill in the art. In one aspect of the present invention, IL-2 
concentration is measured by isolation and direct quantitation of IL-2 levels. In 
another aspect of the invention, cell surface expression of T-cell receptors CD-25 and 
CD-69 is assayed and quantified using flow cytometery. 

Formation of the supramolecular activation cluster (SMAC) of a T-cell 
may also be inhibited by administering a PKC9 Augment of the invention according 
to a method presented by the present invention. As described in greater detail herein, 
an administered PKC9 fi-agment of the invention interacts with PDK-1 to prevent the 
phosphorylation and subsequent activation of PKC9, which in turn prevents T-cell 
activation by reducing levels of T-cell receptors such as IL-2 and CD-25-containing 
high-affinity IL-2, the localization of which is essential for proper formation of the 
SMAC. 

Disclosed herein is a method for modulating the activation of PKC8 in 
a cell. The method of the invention uses a fi-agment of PKC9 to modulate the 
activation of fiiU-length PKC9 by administering a PKC9 fi-agment to a cell. The 
present invention also presents a method for modulating T-cell activation using a 
PKC9 fragment of the invention by administering a PKC9 fi-agment to a cell. Further, 
the invention presents a method for suppressing the immune system of an organ 
transplant patient using a PKC9 fi-agment of the invention. Formation of the 
supramolecular activation cluster of a Trcell may also be inhibited by administering a 
PKC9 firagment of the invention according to a method presented by the present 
invention. 

The present invention includes a method of treating systemic lupus 
erythematosis (SLE) and organ transplant rejection in a patient by administering a 
PKC9 fi-agment to a cell. It will be understood that a patient receiving treatment of 
any of the above diseases may be an animal, and more preferably a mammal, and 
even more preferably a human. 

The invention also encompasses the use pharmaceutical compositions 
of an appropriate PKC9 fragment to practice the methods of the invention^ the 
compositions comprising an appropriate PKC9 fragment and a pharmaceutically- 
acceptable carrier. 
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As used herein, the term "pharmaceutically-acceptable carrier" means a 
chemical composition with which an appropriate PKC0 fragment may be combined 
and which, following the combination, can be used to administer the appropriate 
PKC6 fragment to a mammal. 

Pharmaceutical compositions that are useful in the methods of the 
invention may be administered systemically in oral solid formulations, ophthalmic, 
suppository, aerosol, topical or other similar formulations. In addition to the 
appropriate PKC9 fragment, such pharmaceutical compositions may contain 
pharmaceutically-acceptable carriers and other ingredients known to enhance and 
facilitate drug administration. Other possible formulations, such as nanoparticles, 
liposomes, resealed erythrocytes, and immunologically based systems may also be 
used to administer an appropriate PKCG fragment according to the methods of the 
invention. 

Compounds which are identified using any of the methods described 
herein may be formulated and administered to a mammal for treatment of the diseases 
disclosed herein are now described. 

The invention encompasses the preparation and use of pharmaceutical 
compositions comprising a compoimd useful for treatment of the diseases disclosed 
herein as an active ingredient. Such a pharmaceutical composition may consist of the 
active ingredient alone, in a fomi suitable for administration to a subject, or the 
pharmaceutical composition may comprise the active ingredient and one or more 
pharmaceutically acceptable carriers, one or more additional ingredients, or some 
combination of these. The active ingredient may be present in the phamiaceutical 
composition in the fomi of a physiologically acceptable ester or salt, such as in 
combination with a physiologically acceptable cation or anion, as is well known in the 
art. 

As used herein, the term "physiologically acceptable" ester or salt 
means an ester or salt form of the active ingredient which is compatible with any 
other ingredients of the pharmaceutical composition, which is not deleterious to the 
subject to which the composition is to be administered. 

The formulations of the pharmaceutical compositions described herein 
may be prepared by any method known or hereafter developed in the art of 
pharmacology. In general, such preparatory methods include the step of bringing the 
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active ingredient into association with a carrier or one or more other accessory 
ingredients, and then, if necessary or desirable, shaping or packaging the product into 
a desired single- or multi-dose unit. 

Although the descriptions of pharmaceutical compositions provided 
5 herein are principally directed to pharmaceutical compositions which are suitable for 

ethical administration to humans, it will be understood by the skilled artisan that such 
compositions are generally suitable for administration to animals of all sorts. 
Modification of pharmaceutical compositions suitable for administration to humans in 
order to render the compositions suitable for administration to various animals is well 

10 understood, and the ordinarily skilled veterinary pharmacologist can design and 

perform such modification with merely ordinary, if any, experimentation. Subjects to 
which administration of the pharmaceutical compositions of the invention is 
contemplated include, but are not limited to, humans and other primates, mammals 
including commercially relevant mammals such as cattle, pigs, horses, sheep, cats, 

15 and dogs, birds including commercially relevant birds such as chickens, ducks, geese, 

and turkeys. 

Pharmaceutical compositions that are useful in the methods of the 
invention may be prepared, packaged, or sold in fomiulations suitable for oral, rectal, 
vaginal, parenteral, topical, pulmonary, intranasal, buccal, ophthalmic, intrathecal or 

20 another route of administration. Other contemplated formulations include projected 

nanoparticles, liposomal preparations, resealed erythrocytes containing the active 
ingredient, and immunologically-based formulations. 

A pharmaceutical composition of the invention may be prepared, 
packaged, or sold in bulk, as a single unit dose, or as a plurality of single unit doses. 

25 As used herein, a "unit dose" is discrete amount of the pharmaceutical composition 

comprising a predetermined amount of the active ingredient. The amount of the 
active ingredient is generally equal to the dosage of the active ingredient which would 
be administered to a subject or a convenient fraction of such a dosage such as, for 
example, one-half or one-third of such a dosage. 

30 The relative amounts of the active ingredient, the pharmaceutically 

acceptable carrier, and any additional ingredients in a pharmaceutical composition of 
the invention will vary, depending upon the identity, size, and condition of the subject 
treated and further depending upon the route by which the composition is to be 
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administered. By way of example, the composition may comprise between 0.1% and 
100% (w/w) active ingredient. 

In addition to the active ingredient, a pharmaceutical composition of 
the invention may further comprise one or more additional pharmaceutically active 
5 agents. Particularly contemplated additional agents include anti-emetics and 

scavengers such as cyanide and cyanate scavengers. 

Controlled- or sustained-release formulations of a pharmaceutical 
composition of the invention may be made using conventional technology. 

A formulation of a pharmaceutical composition of the invention 
10 suitable for oral administration may be prepared, packaged, or sold in the form of a 

discrete solid dose unit including, but not limited to, a tablet, a hard or soft capsule, a 
cachet, a troche, or a lozenge, each containing a predetermined amount of the active 
ingredient. Other formulations suitable for oral administration include, but are not 
limited to, a powdered or granular formulation, an aqueous or oily suspension, an 
1 S aqueous or oily solution, or an emulsion. 

As used herein, an "oily" liquid is one which comprises a carbon- 
containing liquid molecule and which exhibits a less polar character than water. 

A tablet comprising the active ingredient may, for example, be made 
by compressing or molding the active ingredient, optionally with one or more 
20 additional ingredients. Compressed tablets may be prepared by compressing, in a 

suitable device, the active ingredient in a free-flowing form such as a powder or 
granular preparation, optionally mixed with one or more of a binder, a lubricant, an 
excipient, a surface active agent, and a dispersing agent. Molded tablets may be made 
by molding, in a suitable device, a mixture of the active ingredient, a 
25 pharmaceutically acceptable carrier, and at least sufficient liquid to moisten the 

mixtxu^e. Pharmaceutically acceptable excipients used in the manufacture of tablets 
include, but are not limited to, inert diluents, granulating and disintegrating agents, 
binding agents, and lubricating agents. Known dispersing agents include, but are not 
limited to, potato starch and sodium starch glycollate. Knovm surface active agents 
30 include, but are not limited to, sodium lauryl sulphate. Known diluents include, but 

are not limited to, calcium carbonate, sodium carbonate, lactose, microcrystalline 
cellulose, calcium phosphate, calcium hydrogen phosphate, and sodium phosphate. 
Known granulating and disintegrating agents include, but are not limited to, com 
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Starch and alginic acid. Known binding agents include, but are not limited to, gelatin, 
acacia, pre-gelatinized maize starch, polyvinylpyrrolidone, and hydroxypropyl 
methylcellulose. Known lubricating agents include, but are not limited to, magnesium 
stearate, stearic acid, silica, and talc. 
5 Tablets may be non-coated or they may be coated using known 

methods to achieve delayed disintegration in the gastrointestinal tract of a subject, 
thereby providing sustained release and absorption of the active ingredient. By way 
of example, a material such as glyceryl monostearate or glyceryl distearate may be 
used to coat tablets. Further by way of example, tablets may be coated using methods 
10 described in U.S. Patents numbers 4,256,108; 4,160,452; and 4,265,874 to form 

osmotically-controUed release tablets. Tablets may further comprise a sweetening 
agent, a flavoring agent, a coloring agent, a preservative, or some combination of 
these in order to provide pharmaceutically elegant and palatable preparation. 

Hard capsules comprising the active ingredient may be made using a 
1 S physiologically degradable composition, such as gelatin. Such hard capsules 

comprise the active ingredient, and may further comprise additional ingredients : 
including, for example, an inert solid diluent such as calcium carbonate, calcium 
phosphate, or kaolin. 

Soft gelatin capsules comprising the active ingredient may be made 
20 using a physiologically degradable composition, such as gelatin. Such soft capsules 

comprise the active ingredient, which may be mixed with water or an oil medium 
such as peanut oil, liquid paraffin, or olive oiL 

Liquid formulations of a pharmaceutical composition of the invention 
which are suitable for oral administration may be prepared, packaged, and sold either 
25 in liquid fomi or in the form of a dry product intended for reconstitution with water or 

another suitable vehicle prior to use. 

Liquid suspensions may be prepared using conventional methods to 
achieve suspension of the active ingredient in an aqueous or oily vehicle. Aqueous 
vehicles include, for example, water and isotonic saline. Oily vehicles include, for 
30 example, almond oil, oily esters, ethyl alcohol, vegetable oils such as arachis, olive, 
sesame, or coconut oil, fractionated vegetable oils, and mineral oils such as liquid 
paraffin. Liquid suspensions may further comprise one or more additional ingredients 
including, but not limited to, suspending agents, dispersing or wetting agents, 

22 



SUBSTITUTE SHEET (RULE 26) 



wo 03/004612 PCT/US02/21215 

emulsifying agents, demulcents, preservatives, buffers, salts, flavorings, coloring 
agents, and sweetening agents. Oily suspensions may further comprise a thickening 
agent. Known suspending agents include, but are not limited to, sorbitol syrup, 
hydrogenated edible fats, sodium alginate, polyvinylpyrrolidone, gum tragacanth, 
gum acacia, and cellulose derivatives such as sodium carboxymethylcellulose, 
methylcellulose, hydroxypropylmethylcellulose. Known dispersing or wetting agents 
include, but are not limited to, naturally-occurring phosphatides such as lecithin, 
condensation products of an alkylene oxide with a fatty acid, with a long chain 
aliphatic alcohol, with a partial ester derived from a fatty acid and a hexitol, or with a 
partial ester derived from a fatty acid and a hexitol anhydride (e.g. polyoxyethylene 
stearate, heptadecaethyleneoxycetanol, polyoxyethylene sorbitol monooleate, and 
polyoxyethylene sorbitan monooleate, respectively). Known emulsifying agents 
include, but are not limited to, lecithin and acacia. Known preservatives include, but 
are not limited to, methyl, ethyl, or n-propyl-para- hydroxybenzoates, ascorbic acid, 
and sorbic acid. Known sweetening agents include, for example, glycerol, propylene 
glycol, sorbitol, sucrose, and saccharin. Known thickening agents for oily 
suspensions include, for example, beeswax, hard paraffin, and cetyl alcohol. 

Liquid solutions of the active ingredient in aqueous or oily solvents 
may be prepared in substantially the same manner as liquid suspensions, the primary 
difference being that the active ingredient is dissolved, rather than suspended in the 
solvent. Liquid solutions of the pharmaceutical composition of the invention may 
comprise each of the components described with regard to hquid suspensions, it being 
understood that suspending agents will not necessarily aid dissolution of the active 
ingredient in the solvent. Aqueous solvents include, for example, water and isotonic 
saline. Oily solvents include, for example, almond oil, oily esters, ethyl alcohol, 
vegetable oils such as arachis, olive, sesame, or coconut oil, fractionated vegetable 
oils, and mineral oils such as liquid paraffin. 

Powdered and granular formulations of a pharmaceutical preparation 
of the invention may be prepared using known methods. Such formulations may be 
administered directly to a subject, used, for example, to form tablets, to fill capsules, 
or to prepare an aqueous or oily suspension or solution by addition of an aqueous or 
oily vehicle thereto. Each of these formulations may further comprise one or more of 
dispersing or wetting agent, a suspending agent, and a preservative. Additional 
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excipients, such as fillers and sweetening, flavoring, or coloring agents, may also be 
included in these formulations. 

A pharmaceutical composition of the invention may also be prepared, 
packaged, or sold in the form of oil-in-water emulsion or a water-in-oil emulsion. 
The oily phase may be a vegetable oil such as olive or arachis oil, a mineral oil such 
as liquid paraffin, or a combination of these. Such compositions may further 
comprise one or more emulsifying agents such as naturally occurring gums such as 
gum acacia or gum tragacanth, naturally-occurring phosphatides such as soybean or 
lecithin phosphatide, esters or partial esters derived from combinations of fatty acids 
and hexitol anhydrides such as sorbitan monooleate, and condensation products of 
such partial esters with ethylene oxide such as polyoxyethylene sorbitan monooleate. 
These emulsions may also contain additional ingredients including, for example, 
sweetening or flavoring agents. 

A pharmaceutical composition of the invention may be prepared,*: 
packaged, or sold in a formulation suitable for rectal administration. Such a j: 
composition may be in the form of, for example, a suppository, a retention enema 
preparation, and a solution for rectal or colonic irrigation. 

Suppository formulations may be made by combining the active 
ingredient with a non-irritating pharmaceutically acceptable excipient which is solid 
at ordinary room temperature (i.e. about 20 *^C) and which is liquid at the rectal 
temperature of the subject (i.e. about 37 °C in a healthy human). Suitable 
pharmaceutically acceptable excipients include, but are not limited to, cocoa butter, 
polyethylene glycols, and various glycerides. Suppository formulations may further 
comprise various additional ingredients including, but not limited to, antioxidants and 
preservatives. 

Retention enema preparations or solutions for rectal or colonic 
irrigation may be made by combining the active ingredient with a pharmaceutically 
acceptable liquid carrier. As is well known in the art, enema preparations may be 
administered using, and may be packaged within, a delivery device adapted to the 
rectal anatomy of the subject. Enema preparations may further comprise various 
additional ingredients including, but not limited to, antioxidants and preservatives. 

A pharmaceutical composition of the invention may be prepared, 
packaged, or sold in a formulation suitable for vaginal administration. Such a 
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composition may be in the form of, for example, a suppository, an impregnated or 
coated vaginally-insertable material such as a tampon, a douche preparation, or gel or 
cream or a solution for vaginal irrigation. 

Methods for impregnating or coating a material with a chemical 
composition are known in the art, and include, but are not limited to methods of 
depositing or binding a chemical composition onto a surface, methods of 
incorporating a chemical composition into the stmcture of a material during the 
synthesis of the material (i.e. such as with a physiologically degradable material), and 
methods of absorbing an aqueous or oily solution or suspension into an absorbent 
material, with or without subsequent drying. 

Douche preparations or solutions for vaginal irrigation may be made 
by combining the active ingredient with a pharmaceutically acceptable hquid carrier. 
As is well known in the art, douche preparations may be administered using, and may 
be packaged within, a delivery device adapted to the vaginal anatomy of the subject. 
Douche preparations may further comprise various additional ingredients including, 
but not limited to, antioxidants, antibiotics, antifungal agents, and preservatives. 

As used herein, "parenteral administration" of a pharmaceutical 
composition includes any route of administration characterized by physical breaching 
of a tissue of a subject and administration of the pharmaceutical composition through 
the breach in the tissue. Parenteral administration thus includes, but is not limited to, 
administration of a pharmaceutical composition by injection of the composition, by 
application of the composition through a surgical incision, by application of the 
composition through a tissue-penetrating non-surgical wound, and the like. In 
particular, parenteral administration is contemplated to include, but is not limited to, 
subcutaneous, intraperitoneal, intramuscular, intrastemal injection, and kidney 
dialytic infusion techniques. 

Fonnulations of a pharmaceutical composition suitable for parenteral 
administration comprise the active ingredient combined with a phamiaceuticaliy 
acceptable carrier, such as sterile water or sterile isotonic saline. Such formulations 
may be prepared, packaged, or sold in a form suitable for bolus administration or for 
continuous administration. Injectable formulations may be prepared, packaged, or 
sold in unit dosage form, such as in ampules or in multi-dose containers containing a 
preservative. Formulations for parenteral administration include, but are not limited 
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to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and 
implantable sustained-release or biodegradable formulations. Such formulations may 
further comprise one or more additional ingredients including, but not limited to, 
suspending, stabilizing, or dispersing agents. In one embodiment of a foraiulation for 
parenteral administration, the active ingredient is provided in dry (i.e. powder or 
granular) form for reconstitution with a suitable vehicle (e.g. sterile pyrogen-free 
water) prior to parenteral administration of the reconstituted composition. 

The pharmaceutical compositions may be prepared, packaged, or sold 
in the form of a sterile injectable aqueous or oily suspension or solution. This 
suspension or solution may be formulated according to the known art, and may 
comprise, in addition to the active ingredient, additional ingredients such as the 
dispersing agents, wetting agents, or suspending agents described herein. Such sterile 
injectable formulations may be prepared using a non-toxic parenterally-acceptable 
diluent or solvent, such as water or 1,3-butane diol, for example. Other acceptable 
diluents and solvents include, but are not limited to. Ringer's solution, isotonic sodium 
chloride solution, and fixed oils such as synthetic mono- or di-glycerides. Other^ 
parentally-administrable formulations which are useful include those which comprise 
the active ingredient in microcrystalline form, in a liposomal preparation, or as a 
component of a biodegradable polymer systems. Compositions for sustained release 
or implantation may comprise pharmaceutically acceptable polymeric or hydrophobic 
materials such as an emulsion, an ion exchange resin, a sparingly soluble polymer, or 
a sparingly soluble salt. 

A pharmaceutical composition of the invention may be prepared, 
packaged, or sold in a formulation suitable for puhnonary administration via the 
buccal cavity. Such a formulation may comprise dry particles which comprise the 
active ingredient and which have a diameter in the range firom about 0.5 to about 7 
nanometers, and preferably firom about 1 to about 6 nanometers. Such compositions 
are conveniently in the form of dry powders for administration using a device 
comprising a dry powder reservoir to which a stream of propellant may be directed to 
disperse the powder or using a self-propelling solvent/powder-dispensing container 
such as a device comprising the active ingredient dissolved or suspended in a low- 
boiling propellant in a sealed container. Preferably, such powders comprise particles 
wherein at least 98% of the particles by weight have a diameter greater than 0.5 
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nanometers and at least 95% of the particles by number have a diameter less than 7 
nanometers. More preferably, at least 95% of the particles by weight have a diameter 
greater than 1 nanometer and at least 90% of the particles by number have a diameter 
less than 6 nanometers. Dry powder compositions preferably include a solid fine 
powder diluent such as sugar and are conveniently provided in a unit dose form. 

Low boiling propellants generally include liquid propellants having a 
boiling point of below 65 at atmospheric pressure. Generally the propellant may 
constitute 50 to 99.9% (w/w) of the composition, and the active ingredient may 
constitute 0.1 to 20% (w/w) of the composition. The propellant may further comprise 
additional ingredients such as a liquid non-ionic or solid anionic surfactant or a solid 
diluent (preferably having a particle size of the same order as particles comprising the 
active ingredient). 

Phamiaceutical compositions of the invention formulated for 
pubnonary delivery may also provide the active ingredient in the form of droplets of a 
solution or suspension. Such formulations may be prepared, packaged, or sold as 
aqueous or dilute alcoholic solutions or suspensions, optionally sterile, comprising the 
active ingredient, and may conveniently be administered using any nebulization or 
atomization device. Such formulations may further comprise one or more additional 
ingredients including, but not limited to, a flavoring agent such as saccharin sodium, a 
volatile oil, a buffering agent, a surface active agent, or a preservative such as 
methylhydroxybenzoate. The droplets provided by this route of administration 
preferably have an average diameter in the range from about 0.1 to about 200 
nanometers. 

The formulations described herein as being useful for pulmonary 
dehvery are also useful for intranasal delivery of a pharmaceutical composition of the 
invention. 

Another formulation suitable for intranasal administration is a coarse 
powder comprising the active ingredient and having an average particle from about 
0.2 to 500 micrometers. Such a formulation is administered in the manner in which 
snuff is taken i.e. by rapid inhalation through the nasal passage from a container of the 
powder held close to the nares. 

Formulations suitable for nasal administration may, for example, 
comprise from about as little as 0.1% (w/w) and as much as 100% (w/w) of the active 
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ingredient, and may further comprise one or more of the additional ingredients 
described herein. 

A pharmaceutical composition of the invention may be prepared, 
packaged, or sold in a formulation suitable for buccal administration. Such 
formulations may, for example, be in the form of tablets or lozenges made using 
conventional methods, and may, for example, 0.1 to 20% (w/w) active ingredient, the 
balance comprising an orally dissolvable or degradable composition and, optionally, 
one or more of the additional ingredients described herein. Alternately, formulations 
suitable for buccal administration may comprise a powder or an aerosolized or 
atomized solution or suspension comprising the active ingredient. Such powdered, 
aerosolized, or aerosolized formulations, when dispersed, preferably have an average 
particle or droplet size in the range from about 0.1 to about 200 nanometers, and may 
further comprise one or more of the additional ingredients described herein. 

A pharmaceutical composition of the invention may be prepared^, 
packaged, or sold in a formulation suitable for ophthalmic administration. Such- 
formulations may, for example, be in the form of eye drops including, for example, a 
0.1-1.0% (w/w) solution or suspension of the active ingredient in an aqueous or oily 
liquid carrier. Such drops may further comprise buffering agents, salts, or one or 
more other of the additional ingredients described herein. Other opthalmically- 
administrable formulations which are useful include those which comprise the active 
ingredient in microcrystalline fonn or in a liposomal preparation. 

As used herein, "additional ingredients" include, but are not limited to, 
one or more of the following: excipients; surface active agents; dispersing agents; 
inert diluents; granulating and disintegrating agents; binding agents; lubricating 
agents; sweetening agents; flavoring agents; coloring agents; preservatives; 
physiologically degradable compositions such as gelatin; aqueous vehicles and 
solvents; oily vehicles and solvents; suspending agents; dispersing or wetting agents; 
emulsifying agents, demulcents; buffers; salts; thickening agents; fillers; emulsifying 
agents; antioxidants; antibiotics; antifungal agents; stabilizing agents; and 
pharmaceutically acceptable polymeric or hydrophobic materials. Other "additional 
ingredients" which may be included in the pharmaceutical compositions of the 
invention are known in the art and described, for example in Genaro, ed., 1985, 
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Remington's Pharmaceutical Sciences , Mack Publishing Co., Easton, PA, which is 
incorporated herein by reference. 

Typically dosages of the compound of the invention which may be 
administered to an animal, preferably a human, range in amount from 1 g to about 
100 g per killogram of body weight of the animal. While the precise dosage 
administered will vary depending upon any number of factors, including but not 
limited to, the type of animal and type of disease state being treated, the age of the 
animal and the route of administration. Preferably, the dosage of the compound will 
vary from about 1 mg to about 10 g per killogram of body weight of the animal. 
More preferably, the dosage will vary from about 10 mg to about 1 g per killogram of 
body weight of the animal. 

The compound may be administered to an animal as frequently as 
several times daily, or it may be administered less frequently, such as once a day, 
once a week, once every two weeks, once a month, or even lees frequently, such as 
once every several months or even once a year or less. The frequency of the dose will 
be readily apparent to the skilled artisan and will depend upon any number of factors, 
such as, but not limited to, the type and severity of the disease being treated, the type 
and age of the animal, etc. 
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Definitions 

The articles "a" and !'an" are used herein to refer to one or to more than 
one (i.e. to at least one) of the grammatical object of the article. By way of example, 
"an element" means one element or more than one element. 

"Encoding" refers to the inherent property of specific sequences of 
nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as 
templates for synthesis of other polymers and macromolecules in biological processes 
having either a defined sequence of nucleotides (i.e., rRNA, tRNA and mRNA) or a 
defined sequence of amino acids and the biological properties resulting therefi-om. 
Thus, a gene encodes a protein if transcription and translation of mRNA 
corresponding to that gene produces the protein in a cell or other biological system. 
Both the coding strand, the nucleotide sequence of v^hich is identical to the mRNA 
sequence and is usually provided in sequence listings, and the non-coding strand, used 
as the template for transcription of a gene or cDNA, can be referred to as encoding the 
protein or other product of that gene or cDNA, . 

An "isolated nucleic acid" refers to a nucleic acid segment or fi:agment 
which has been separated firom sequences which flank it in a naturally occurring state, 
e.g., a DNA fi-agment which has been removed fi-om the sequences which are 
normally adjacent to the fi-agment, e.g., the sequences adjacent to the fi-agment in a 
genome in which it naturally occurs. The term also applies to nucleic acids which 
have been substantially purified fi-om other components which naturally accompany 
the nucleic acid, e.g., RNA or DNA or proteins, which naturally accompany it in the 
cell. The term therefore includes, for example, a recombinant DNA which is 
incorporated into a vector, into an autonomously replicating plasmid or virus, or into 
the genomic DNA of a prokaryote or eukaryote, or which exists as a separate 
molecule (e.g, as a cDNA or a genomic or cDNA firagment produced by PCR or 
restriction enzyme digestion) independent of other sequences. It also includes a 
recombinant DNA which is part of a hybrid gene encoding additional polypeptide 
sequence. 

In the context of the present invention, the following abbreviations for 
the commonly occurring nucleic acid bases are used. "A" refers to adenosine, "C" 
refers to cytidine, "G" refers to guanosine, "T" refers to thymidine, and "U" refers to 
uridine. 
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A "polynucleotide" means a single strand or parallel and anti-parallel 
strands of a nucleic acid. Thus, a polynucleotide may be either a single-stranded or a 
double-stranded nucleic acid. 

The temi "nucleic acid" typically refers to large polynucleotides. 

The term "oligonucleotide" typically refers to short polynucleotides, 
generally no greater than about 50 nucleotides. It will be understood that when a 
nucleotide sequence is represented by a DNA sequence (i.e.. A, T, G, C), this also 
includes an RNA sequence (i.e.. A, U, G, C) in which "U" replaces "T." 

Conventional notation is used herein to describe polynucleotide 
sequences: the left-hand end of a single-stranded polynucleotide sequence is the 5'- 
end; the left-hand direction of a double-stranded polynucleotide sequence is referred 
to as the 5'-direction. 

The direction of 5' to 3' addition of nucleotides to nascent RNA 
transcripts is referred to as the transcription direction. The DNA strand having the 
same sequence as an mRNA is referred to as the "coding strand"; sequences on the 
DNA strand which are located 5' to a reference point on the DNA are referred to as 
"upstream sequences"; sequences on the DNA strand which are 3* to a reference point 
on the DNA are referred to as "downstream sequences." 

Unless otherwise specified, a "nucleotide sequence encoding an amino 
acid sequence" includes all nucleotide sequences that are degenerate versions of each 
other and that encode the same amino acid sequence. Nucleotide sequences that 
encode proteins and RNA may include introns. 

"Homologous" as used herein, refers to nucleotide sequence similarity 
between two regions of the same nucleic acid strand or between regions of two 
different nucleic acid strands. When a nucleotide residue position in both regions is 
occupied by the same nucleotide residue, then the regions are homologous at that 
position. A first region is homologous to a second region if at least one nucleotide 
residue position of each region is occupied by the same residue. Homology between 
two regions is expressed in terms of the proportion of nucleotide residue positions of 
the two regions that are occupied by the same nucleotide residue. By way of 
example, a region having the nucleotide sequence 5 -ATTGCC-3' and a region having 
the nucleotide sequence 5*-TATGGC-3* share 50% homology. Preferably, the first 
region comprises a first portion and the second region comprises a second portion, 
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whereby, at least about 50%, and preferably at least about 75%, at least about 90%, or 
at least about 95% of the nucleotide residue positionss of each of the portions are 
occupied by the same nucleotide residue. More preferably, all nucleotide residue 
positions of each of the portions are occupied by the same nucleotide residue. 
5 As used herein, "homology" is used synonymously with "identity." 

"Polypeptide" refers to a polymer composed of amino acid residues, 
related naturally occurring structural variants, and synthetic non-naturally occurring 
analogs thereof linked via peptide bonds, related naturally occurring structural 
variants, and synthetic non-naturally occurring analogs thereof Synthetic 
10 polypeptides can be synthesized, for example, using an automated polypeptide 

synthesizer. 

The term "protein" typically refers to large polypeptides. 
The term "peptide" typically refers to short polypeptides. A peptide 
"fragment" is typically a peptide comprising a linear portion of a total protein 
15 sequence. 

Conventional notation is used herein to portray polypeptide sequences: 
the left-hand end of a polypeptide sequence is the amino-terminus; the right-hand end 
of a polypeptide sequence is the carboxyl-terminus. 

The temi "fusion protein" or "fusion peptide" refers to a protein or 

20 peptide, respectively, that has an additional protein or peptide sequence attached via 

peptide bonding to the amino terminus or carboxy terminus. Alternatively, a fusion 
protein or fusion peptide may have more than one fusion polypeptide sequence 
attached at the amino terminus, carboxy terminus, or both. Furthermore, a fusion 
polypeptide may consist of two or more polypeptides connected via peptide bonding 

25 in series. Such fusion proteins or fusion peptides may be produced by translation of a 

polynucleotide or by in vitro protein chemistry methods known in the art. 

A first defined nucleic acid sequence is said to be "immediately 
adjacent to" a second defined nucleic acid sequence when, for example, the last 
nucleotide of the first nucleic acid sequence is chemically bonded to the first 

30 nucleotide of the second nucleic acid sequence through a phosphodiester bond. 

Conversely, a first defmed nucleic acid sequence is also said to be "immediately 
adjacent to" a second defmed nucleic acid sequence when, for example, the first 
nucleotide of the first nucleic acid sequence is chemically bonded to the last 

32 



SUBSTITUTE SHEET (RULE 26) 



wo 03/004612 PCT/US02/21215 

nucleotide of the second nucleic acid sequence through a phosphodiester bond. By 
way of example, the pentanucleotide 5'-AAAAA-3' is adjacent the trinucleotide 5'- 
TTT-3* when the two are connected thus: 5'-AAAAATTT-3* or 5*-TTTAAAAA-3', 
but not when the two are connected thus: 5*-AAAAACTTT-3'. 

A first defined polypeptide sequence is said to be "immediately 
adjacent to" a second defined polypeptide sequence when, for example, the last amino 
acid of the first polypeptide sequence is chemically bonded to the first amino acid of 
the second polypeptide sequence through a peptide bond. Conversely, a first defined 
polypeptide sequence is said to be "immediately adjacent to" a second defined 
polypeptide sequence when, for example, the first amino acid of the first polypeptide 
sequence is chemically bonded to the last amino acid of the second polypeptide 
sequence through a peptide bond. 

A "membrane-permeabilizing sequence" refers to a peptide or protein 
that has the native ability to cross a cell membrane. Additionally, when a membrane- 
permeabilizing sequence comprises a fiision protein with another polypeptide, the 
membrane-permeabilizing sequence will facilitate the transmembrane transport of the 
entire fiision protein. 

"Modulation of activity of a polypeptide" refers to an increase or a 
decrease in the rate or degree of biological activity of the polypeptide, an increase or a 
decrease in the afiBnity of the polypeptide for a target, an increase or a decrease in the 
expression levels of the polypeptide, or an increase or a decrease in the biological 
effect mediated by the polypeptide. "Modulation" as it is used herein refers to any 
change firom the current condition or status of a molecule. For example, modulation 
of a protein can be the activation, down-regulation, inhibition, or change in 
conformation of the protein. 

A "vector" is a composition of matter which comprises an isolated 
nucleic acid and which can be used to deliver the isolated nucleic acid to the interior 
of a cell. Numerous vectors are known in the art including, but not limited to, linear 
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, 
plasmids, and viruses. Thus, the term "vector" includes an autonomously replicating 
plasmid or a virus. The term should also be construed to include non-plasmid and 
non-viral compounds which facilitate transfer of nucleic acid into cells, such as, for 
example, polylysine compounds, liposomes, and the like. Examples of viral vectors 
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include, but are not limited to, adenoviral vectors, adeno-associated virus vectors, 
retroviral vectors, and the like. 

"Expression vector'' refers to a vector comprising a recombinant 
polynucleotide comprising expression control sequences operatively linked to a 
S nucleotide sequence to be expressed. An expression vector comprises sufficient cis- 

acting elements for expression; other elements for expression can be supplied by the 
host cell or in an in vitro expression system. Expression vectors include all those 
known in the art, such as cosmids, plasmids (e.g., naked or contained in liposomes) 
and viruses that incorporate the recombinant polynucleotide. 

10 A "disease" is a state of health of an animal wherein the animal cannot 

maintain homeostasis, and wherein if the disease is not ameliorated then the animal's 
health continues to deteriorate. In contrast, a "disorder" in an animal is a state of 
health in which the animal is able to maintain homeostasis, but in which the animal's 
state of health is less favorable than it would be in the absence of the disorder. Left 

IS untreated, a disorder does not necessarily cause a further decrease in the animal!s state 

of health. 

A disease or disorder is "alleviated" if the severity of a symptom of the 
disease or disorder, the frequency with which such a symptom is experienced by a 
patient, or both, are reduced. 
20 As used herein, a "functional" biological molecule is a biological 

molecule in a form in which it exhibits a property by which it is characterized. A 
functional enzyme, for example, is one which exhibits the characteristic catalytic 
. activity by which the enzyme is characterized. 

A "ligand" is a compound that specifically binds to a target receptor. 
25 A "receptor" is a compound that specifically binds to a ligand. 

A ligand or a receptor (e.g., an antibody) "specifically binds to" or "is 
specifically immimoreactive with" a compound when the ligand or receptor functions 
in a binding reaction which is determinative of the presence of the compound in a 
sample of heterogeneous compounds. Thus, under designated assay (e.g., 
30 immunoassay) conditions, the ligand or receptor binds preferentially to a particular 

compound and does not bind in a significant iamount to other compounds present in 
the sample. For example, a polynucleotide specifically binds under hybridization 
conditions to an compound polynucleotide comprising a complementary sequence; an 
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antibody specifically binds under unmunoassay conditions to an antigen bearing an 
epitope against which the antibody was raised. A variety of immunoassay formats 
may be used to select antibodies specifically ixnmunoreactive with a particular 
protein. For example, sohd-phase ELISA immunoassays are routinely used to select 
5 monoclonal antibodies specifically immimoreactive with a protein. See Harlow and 

Lane (1988, Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, 
New York) for a description of inmiunoassay formats and conditions that can be used 
to determine specific immunoreactivity. 

Two proteins that specifically bind to each other can be said to 

10 "selectively interact." 

"Primer" refers to a polynucleotide that is capable of specifically 
hybridizing to a designated polynucleotide template and providing a point of initiation 
for synthesis of a complementary polynucleotide. Such synthesis occurs when the 
polynucleotide primer is placed under conditions in which synthesis is induced, i.e., in 

15 the presence of nucleotides, a complementary polynucleotide template, and an agent 

for polymerization such as DNA polymerase. A primer is typically single-stranded, 
but may be double-stranded. Primers are typically deoxyribonucleic acids, but a wide 
variety of synthetic and naturally occurring primers are usefiil for many applications. 
A primer is complementary to the template to which it is designed to hybridize to 

20 serve as a site for the initiation of synthesis, but need not reflect the exact sequence of 

the template. In such a case, specific hybridization of the primer to the template 
depends on the stringency of the hybridization conditions. Primers can be labeled 
with, e.g., chromogenic, radioactive, or fluorescent moieties and used as detectable 
moieties. 

25 As used herein, "alleviating a symptom" means reducing the severity 

of the symptom. 

As used herein, "treating a disorder" means reducing the firequency 
with which a symptom of the disorder is experienced by a patient. 

A "prophylactic" treatment is a treatment administered to a subject 
30 who does not exhibit signs of a disease or exhibits only early signs of the disease for 

the purpose of decreasing the risk of developing pathology associated with the 
disease. 
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A "therapeutic" treatment is a treatment administered to a subject who 
exhibits signs of pathology for the purpose of diminishing or ehminating those signs. 

A "therapeutically effective amount" of a compound is thai amount of 
compound which is sufficient to provide a beneficial effect to the subject to which the 
5 compound is administered. 

As used herein, the terms "administer" or "administration," refers to 
the deliberately-effected presence of an isolated PKC0 protein of the invention or a 
truncated version thereof By way of example, a PKC9 protein fi-agment may be 
administered to a cell by creating a fusion protein comprising the PKC9 protein 
10 fragment and a membrane permeabilizing sequence and contacting the cell with the 

fusion protein such that the fusion protein is transported across the cell membrane and 
into the cell. 

As used herein, an "instructional material" includes a publication, a 
recording, a diagram, or any other medium of expression which can be used to 

15 communicate the usefulness of the composition of the invention for its designated use. 

The instructional material of the kit of the invention may, for example, be affixed to a 
container which contains the composition or be shipped together with a container 
which contains the composition. Alternatively, the instructional material may be 
shipped separately from the container with the intention that the instructional material 

20 and the composition be used cooperatively by the recipient. 

EXPERIMENTAL EXAMPLES 
The invention is now described with reference to the following 
examples. These examples are provided for the purpose of illustration only and the 
25 invention should in no way be construed as being limited to these examples but rather 

should be construed to encompass any and all variations which become evident as a 
result of the teaching provided herein. 

Analysis of PKCO was first conducted by co-expressing in cells a 
30 dominant-negative PI3 -kinase mutant ( p 85) along withPKCG and measured NF-kB 

activation using a NF-kB reporter plasmid. Overexpression of a constitutively active 
(ca) mutant of PKC9 (PKCO A148E) that was mutated in the pseudosubstrate site and 
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was shown to be functionally independent of any agonist, induced a 5 to 10 fold 
increase of NF-kB activation. A doniinant-negative PI3-kinase mutsint ( p 8 5) 
exhibited no effect if transfected alone but when co-expressed with PKC6 completely 
blocked NF-kB activation (Fig. IB). Consistent with these results, stimulation of 
5 primary T cells from mice transgenically expressing a NF-KB-dependent luciferase 

reporter (Voll et al., 2000, Immunity 13;677-89), with anti CD3/CD2S, induced a 
marked increase of luciferase activity while pre-incubation with wortmannin or 
LY92024, two well-characterized PI3-kinase inhibitors, inhibited luciferase 
expression (Fig. IC). 

10 To detemiine if PKC6-induced NF-kB activation was also regulated by 

PDK-1 , PKCe was co-transfected with PDK-1 into cells. Transfection of cells with 
PKC9 ca caused significant activation of NF-kB while PKCe wild-type (PKCO wt) 
exhibited only a modest increase. A PKC9 kinase inactive (mut) mutant (PKC9 
K409R), strongly reduced NF-kB activation. Co-transfection of PKCO wt or PKCO 

15 ca with PDK-1 increased luciferase activity by about 10 and 30 fold, respectively, 

whereas PKC0 mut showed no effect (Fig. ID). To further confirm that PDK-1 is 
upstream of PKC0, PKCO was co-transfected with either a constitutively active 
(A280V) mutant of PDK-1 that has been shown to bjrpass the requirement of PI3- 
kinase (Paradis et al., 1999, Genes Dev 13:1438-52) or a kinase dead mutant 

20 of(Kl 1 1 AyD223 A) (Alessi, et al., 1977, Curr Biol 7:776-89) PDK-1. Coexpression of 

wild type or constitutively active PDK-1 significantly increased PKCO-induced NF-kB 
activation while the kinase-dead mutant failed to lead to NF-kB activation, thus 
suggesting that the phosphorylation of PKCO by PDK-1 is an essential step for the 
subsequent activation of NF-kB (Fig. IE). 

25 Recent studies have shovra that PDK-1 regulates PKCs by 

phosphorylating the activation loop and a hydrophobic motif in the COOH-temiinal 
end (Le Good et al, 1998, Science 281 :2042-5; Gao et al., 2001, J. Biol. Chem. 
276:19588-96; Balendran et al., FEBS Lett. 484:217-23). Sequence alignment 
analysis of members of conventional (PKC II), novel (PKCS) and atypical (PKCQ 

30 subclass (Fig. IF) demonstrated that PKCO also contained a conserved threonine 

residue in the activation loop (threonine 538) and a serine residue in the hydrophobic 
motif (serine 695) (Fig. IG). To determine whether these two residues are actually 
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phosphorylated during T cell activation, immunoblotting expenments were earned out 
with a phospho-specific antiserum that specifically recognizes PKCS phosphorylated 
on threonine 538, and a phospho-PKC (pan) antibody that detects different PKC 
isoforms only when phosphorylated at the carboxy-terminal serine residue. 
5 Stimulation of primary T cells or Jurkat cells with anti-CD3/CD28 caused 

phosphorylation of Thr538 within 60 minutes. The immunobloting results with the 
phospho-PKC (pan) antibody demonstrated that Ser695 is constitutively 
phosphorylated in resting cells. Engagement of TCR with anti-CD3/CD2S caused the 
dephosphorylation of this residue followed by the re-phosphorylation within 60 min 

10 suggesting a more complex regulation of this residue probably through the 

involvement of a phosphatase as already suggested for other protein kinases 
(Balendran, et al., 1999, Curr Biol 9:393-404) (Fig. IH). Pretreatment of T-cells with 
wortmanin or LY924024 inhibited the PDK-1 mediated phosphorylation of both 
Thr538 and Ser695. Finally, transfection into cells of mutants of PKC6 with 

1 5 Thr538Ala or Ser695 Ala showed significantly reduced NF-kB activation either when 

transfected alone or together with PDK-1 (Fig. II). Taken together, these findings 
suggest that PDK-1 is the upstream kinase of PKC0, and that phosphorylation of Thr 
538 and Ser 695 by PDK-1 are important steps for PKC9-activation upon TCR- 
stimulation in T-cells. 

20 To assess the interaction of PDK-1 and PKC9, the proteins were co- 

expressed in HeLa cells. Immunoprecipitaton of PDK-1 followed by immunoblotting 
demonstrated that PKC9 could associate with PDK-1 (Fig. 2A, lane 1). Conversely, 
PDK-1 could be immunoprecipitated with PKC9. Complex formation between PKCs 
and PDK-1 has been shown to require a hydrophobic motif Phe-X-X-Phe-Ser/Thr- 

25 Phe/Tyr, where X can be any amino acid, in the COOH-terminus of PKCs (Balendran, 

1999, J Biol Chem 274:37400-6). Analysis of sequence alignments of different 
members of PKC family with PKCO reveals the presence of a similar motif in PKC9, 
and so the role of this region in the interaction with PDK-1 and its effect on NF-kB 
activation was examined. Deletions within the carboxyl terminal domain (1-622, 

30 1665, 1-684) of PKCO (Fig. 2A) revealed that the hydrophobic motif of this protein 

was essential for complex formation with PDK-1 (Fig. 2B). To assess the possible 
fimctional consequence of this interaction, the same mutants were co-transfected 
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along with PDK-1 and measured NF-kB activation. PKC9 deletion mutants showed a 
shght decrease in NF-kB activation when transfected alone as compared to full length 
PKC6, however co-transfection with PDK-1 led to a marked decrease of NF-kB 
activation by the truncated mutants as compared to fiill length PKCB (Fig. 2C). 
5 Therefore these observations lead to the conclusion that PDK-1 interacts primarily 

with detemiinants residing in the COOH-terminal hydrophobic motif of PKC9 and 
that the lack of PDK-1 binding domain in PKC9 severely affects its ability to activate 
NF-kB. 

To further confirm that this interaction plays a key role in PKCe 

10 signaling to NF-kB, a construct was generated containing the COOH-terminal domain 

of PKCe (a.a. 622-706) as a GST fixsion protein that we have named GST-PIFG 
(Glutathione-S-transferase fusion with EDK-1 interacting jfragment of PKCB) and 
tested the effect of its co-expression on NF-kB activation or PlCC 8 co- 
immunoprecipitation with PDK-L As shown in Fig. 2D co-transfection into cells of 

15 increasing amount of GST-PIFG along with PKC0 and PDK-1 inhibits PKCG induced 

NF-kB activation in a dose dependent mariner whereas transfection of GST vector 
alone had no effect. Similarly co-transfection into 293 cells of GST-PIFG together 
with PKCG and PDK-1 dramatically reduced the PKC0-PDK-1 interaction (Fig. 2 E) 
confirming once again that blocking the interaction of PKCG with PDK-1 leads to a 

20 marked decrease in PIFG-induced NF-kB activation. Finally, cotransfection of GST- 

PIFG with PDK-1 and immunoprecipitation with glutathione sepharose beads 
confimied that GST-PIFG efficiently binds PDK-1 (Fig. 2 F). Consistent with these 
. findings several studies have recently demonstrated that over-expression of a region 
of protein kinase C-related kinase-2 (PRK2), termed PIF, has the ability to complex 

25 with PDK-1 and block the activation and phoshorylation of p70S6K (May, et al., 

2000, Science 289:1550-4). 

To identify the domain of PDK-1 that interacts with COOH temiinal 
domain of PKCG, three HA-tagged deletion mutants of PDK-1 were generated. The 
deletion mutants contained the NH2-terminus, the catalytic domain and the pleckstrin 

30 homology domain (Fig. 2 G) and were tested in a co-immunoprecipitation assay with 

GST-PIFG. As shown in Fig. 2G, GST-PIFG interacted with the construct expressing 
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the PDK-1 catalytic domain (PDK-1 84-332) (Fig. 2 G, right panel, lane 2) but not with 
PDK-1 1-84 or 341-559 constructs (data not shown) suggesting that the catalytic 
domain of PDK-1 is necessary for the interaction with the carboxyl terminal domain of 
PKC0. Moreover, when the PDK-1 deletion mutants were co-expressed with PKC9 ca 
5 in Hela cells to measure the activation of NF-kB, only the full-length PDK-1 and 

mutant containing the catalytic domain (84-341) was able to increase PKCO-induced 
NF-kB activation (Fig. 2G). 

Given the critical role of the PIF domain in PKC9-induced NF-kB 
activation, the importance of this interaction in the context of T cell activation was 

10 evaluated. A cell permeable peptide spanning the PKC9 PIF domain was designed, 

and its ability to block the interaction between PKC9 and PDK-1 in T cells was 
tested. The wild type PIF9 peptide contained sequences from methionine 686 to 
proline 699 of PKC0 fused to a membrane-permeabilizing sequence derived from the 
Antennapedia homeodomain protein. As a control, a randomized version of the PIF-9 

15 peptide was fused with the Antennapedia sequence (Fig. 3 A). When added to T-cells, 

only the wild type PIF9 peptide inhibited the in vivo interaction of PKC9 with PDK-1 
in a concentration-dependent mamier (Fig. 3B, lanes 3 and 4). Electrophoretic 
mobility shift assays (EMSA) demonstrated that only the wild type but not the 
scrambled peptide inhibited anti-CD3/CD28 stimulated NF-kB activation in Jurkat 

20 cells. In contrast, neither peptide affected TNF-a induced NF-kB activation 

demonstrating the specificity of the PDK-1 -PKC9-NF-kB pathway for only the TCR- 
induced pathways (Fig. 3C). Furthermore, the wild type, but not the scrambled PIF- 
peptide, inhibited TCR-induced lucifearase activity in primary T-cells isolated from 
KB-luciferase transgenic mice. (Fig. 3D). Once again, the peptides had no effect on 

25 TNFa-stimulated NF-kB in these primary T-cells (Fig. 3D). Finally, it was found that 

the peptides had no effect on the constitutive transcription factor Oct-1. 

The effect of the PIF9 peptides on TCR-induced activation of T cells 
was assessed. Proliferation of primary T cells was measured after stimulation with 
plate-bound CD3/CD2S antibodies. As shown in Fig. 3E, a marked decrease in 

30 proliferation was observed by pre-treating T cells with wild type-PIF9 peptide but not 

by the scrambled peptide. Reduced proliferation of T cells .following treatment with 
wild type-PIF9 was also accompanied by a significant reduction in the level of 
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secreted interleukin-2 (IL-2) (Fig. 3F). The addition of IL-2 at 20 units/ml completely 
restored the anti-CD3/CD28 proliferative response of the wild-type PIF9 treated cells, 
indicating that signaling events downstream of the cytokine receptor remained intact. 
Proliferation of T cells after crosslinking of the TCR is a consequence of increased 
5 transcription of the IL-2 and the IL2R chain gene, which contributes to a high- 

affinity receptor for IL-2. Expression of IL2R (2D25) and CD69, a cell surface 
marker on activated T cells, can. also be induced by treating T cells with phorbol ester. 
In response to anti-CD3/CD28 or treatment with PMA, the induction of both CD25 
and CD69 was significantly reduced by pre-treatment with the wild type, but not the 

10 scrambled PEF9 peptide (Fig. 3G). Therefore the reduced proliferative responses of T 

cells after treatment with PIF9 peptide are most likely due to reduced levels of both 
IL-2 and CD-25-containing high-affinity IL-2 receptor. 

The effects of the PIF9 peptides were also tested in vivo in a T cell- 
mediated cutaneous immune/inflanmiatory reaction to haptens, the contact 

15 hypersensitivity assay (CHS). B6 mice sensitized with dinitrofluorobenzene (DNFB) 

were pre-treated with FIFO peptides for 1 hour and then challenged with hapten for 24 
hours. Ear swelling induced by DNFB was significantly reduced by the wild-type 
peptide (44 ± 5% inhibition), whereas the mutant had no effect (Fig. 3H). This result 
provides strong support for the role of PDK-1 in T-cell activation and also illustrates 

20 the potential importance of such peptides as therapies for diseases such as lupus and 

for immune suppression during transplantation. 

Immxmoprecipitation of PKC9 fi'om Jurkat cells demonstrated that 
neither PI3-kinase (Ebert et al., 2000, J. hnmunol. 165:543 5-42) nor LAT (Bi et al., 
2001, Nat. Immurzot. 2:556-63; Ward, et al., 1996, Immunol. Today 17:187-97), two 

25 upstream proteins in the TCR signaling pathway that are constitutvely associated with 

membrane, were associated with PKCO. Stimulation of T cells with anti-CD3/CD28 
has been reported to promote PKCO translocation to membrane rafts and establish 
interactions with LAT (Bi et al., 2001, Nat. Immurzot. 2:556-63). Therefore, it was 
evaluated whether the PI3-kinase-PDK-l pathway could lead to translocation of PKCO 

30 to the membrane. Pretreatment of T-cells with wortmannin or LY924024 dramatically 

inhibited the association of PKCO with LAT and PI3. -kinase (Fig. 4 A, lanes 3 and 4, 
respectively). Similarly, pretreatment of cells with wild type-PIFO peptide, but not the 
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scrambled-peptide, inhibited association of PKC9 with LAT and PI3 -kinase (Fig. 4B, 
lanes 3 and 4, respectively). 

Engagement of antigen-specific T cells with antigen presenting cells 
(APCs) has been shown to induce PKC0 translocation to the central region of the 
5 contact area between T cells and APCs, also termed central SMAC (Monks et al., 

1997, Nature 385v83-6). To study the effect of PIFG peptide on the localization of 
PKC0 to SMACs, in vitro differentiated Thl cells were prepared from and TCR- 
transgenic mice expressing TCRs that were specific for the moth cytochrome c 
peptide (MCC; aa 88-103). These T cells were then labeled with PKC9 antibody and 

10 APC with 14,4.4 mouse monoclonal antibody that recognizes lE*^ MHC 11. Cells were 

pre-treated with PIFG peptides and then incubated with non-pulsed or peptide-pulsed 
peptide APCs, fixed and stained for localization of endogenous PKC9. When T cells 
were incubated with APCs that were not pulsed with the MCC peptide, PKCG was 
localized in the cytoplasm. Stimulation with MCC peptide-pulsed APCs for 30 

15 minutes induced PKCG translocation to the contact area between T cells and APCs. 

Pretreatment with wild type-PBFG peptides but not scrambled peptide dramatically 
reduced APC-induced PKCG translocation (Fig. 4C). 

Recent studies firom many research groups have provided evidence that 
membrane rafts play an important role in T cell signaling. A variety of cytoplasmic 

20 and membrane associated proteins involved in T cell signaling have been found to be 

enriched in the detergent-insoluble fractions (Leitenberg et al., 2001, Semin. 
Immunol. 13:129-38). A recent study by Bi et al. (2001, Semin. Immunol. 13:129-38) 
has also demonstrated that lipid rafts are important for antigen-induced localization of 
PKCG to the synapse or for conjugate formation between T cells and APCs. It was 

25 then necessary to determine whether the block of PKCG translocation to the 

membrane might also affect SMAC formation and rafr localization in T cells. 
Therefore, SMAC formation was examined in transgenic T cells incubated with the 
same non-pulsed or peptide-pulsed MCC peptide APCs described above. As shown 
in Fig. 4D, immunostaining of TCR with FITC conjugated VB3 antibody or rafts with 

30 cholera-toxin-FITC (Fig. 4E) conjugated antibody showed a clear patchy staining 

indicative of the fonnation of the SMAC and relocalization of rafts only after co- 
incubation of T cells with antigen-pulsed APC but not in control unpulsed APC. 
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Surprisingly pretreatment of T cells with wild type-PIF9 but not with scrambled 
peptide completely abolished SMAC formation and raft locahzation as determined by 
the sparse membrane localization of the TCR or rafts staining suggesting for the first 
time that the membrane translocation of PKCG is an essential step in the formation of 
5 the SMAC. 

Conflicting data in the literature have made it dif[icult to determine the 
exact mechanism by which the TCR colocalizes to the rafts during T cell activation. 
It has been suggested that upon engagement TCRs migrate onto the rafts (Xavier et 
ah, 1998, Immunity 8:723-32), while a study by Viola et at recently demonstrated that 

10 it is the rafts that migrate to the engaged TCR (Viola et al., 1 998, Science 283:680-2; 

Viola et al., 1999, A 107:615-23). However, in both cases the mechanisms for raft 
relocalization in the contact area between T cells and APCs has not been studied. 
However, since distruption of rafts severely affects T cell activation (Xavier et al., 
1998, Immunity 8:723-32) and that rafts are considered important scaffold proteins 

15 for the formation of the SMAC (Xavier et al., 1998, Immunity 8:723-32) (Viola et al., 

1998, Science 283:680-2; Viola et al., 1999, Acta Path. Micro. Immuno. Scand. 
107:615-23), it possible to hypothesize that the lack of raft migration to the membrane 
might inhibit the formation of SMAC. Since the data suggests that the block of PKCG 
translocation to the membrane prevents SMAC formation and raft localization, the 

20 role of PKCG may be to shuffle the rafts to the membrane and allow the recruitment 

of signaling components of SMAC to these domains. Consistent with this, it is 
interesting to note that in immature T cells, where PKCG has been shown as not being 
responsible for NF-kB activation (Sun, et al., 2000, Nature 404:402-7), crosslinking 
of CD3/CD28 fails to induce translocation of PKCG to the rafts, possibly providing a 

25 structural basis for the different outcome of signaling in mature and immature T cells 

(Ebert et al., 2000, J. Immunol. 165:543 5-42). Taken together, the data suggest the 
existence of a new signaling pathway by which TCR activation trough the PI 3- 
kinase-PDK-1 pathway activates PKC0-NF-kB pathway in T cells. Pharmacological 
agents targeted to block of PKCG phosphorylation by PDK-1 may represent usefiil 

30 tools in the treatment of a wide range of inmiune-mediated diseases where the 

uncontrolled T cells activation take place. Moreover, the findings present evidence 
that this pathway is extremely important for the assembly of signaling components of 
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the SMAC shading a new Hght on the mechanisms by which the complex machinery 
of immunological synapse is regulated. 

The disclosures of each and every patent, patent application, and 
publication cited herein are hereby incorporated herein by reference in their entirety. 

While this invention has been disclosed with reference to specific 
embodiments, it is apparent that other embodiments and variations of this invention 
may be devised by others skilled in the art without departing from the true spirit and 
scope of the invention. The appended claims are intended to be construed to include 
all such embodiments and equivalent variations. 
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CLAIMS 

What is claimed is: 

1. An isolated nucleic acid comprising a nucleic acid encoding a 
peptide fragment of PKC9, wherein the peptide fragment selectively interacts with 
PDK-1. 

2. An isolated nucleic acid comprising SEQ ID NO:4, wherein the 
nucleic acid encodes a peptide fragment of PKC0 that selectively interacts with PDK- 
1. 

3. An isolated nucleic acid comprising SEQ ID NO:4, or a homolog, 
variant, mutant or fragment thereof, wherein the isolated nucleic acid encodes a 
peptide fragment of PKC9 that selectively interacts with PDK-1 . 

4. An isolated nucleic acid comprising a nucleic acid encoding a 
peptide fragment having at least 80% identity to SEQ ID NO:3, wherein the peptide 
fragment selectively interacts with PDK-1 . 

5. The nucleic acid of claim 1, ftirther comprising a fusion sequence 
encoding a membrane-permeabilizing sequence to facilitate transport of a peptide 
fragment/membrane-permeabilizing frision protein into a cell. 

6. A fusion protein encoded by the nucleic acid of claim S. 

7. A method of modulating the activation of PKC0 in a cell, the 
method comprising administering to a cell a fusion protein encoded by an isolated 
nucleic acid comprising a nucleic acid of claim 5, whereby PKC0 activation is 
increased or decreased in the cell. 
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8. The method of claim 7, wherein inhibition of phosphorylation of 
PKC9 in the cell decreases the PKC6 activation. 



9. The method of claim 7, wherein the decrease in activation of PKC9 
is inhibition of activation of PKC9 in the cell. 

10. A method of modulating the activation of NF-kB, the method 
comprising administering to a cell a fusion protein encoded by an isolated nucleic 
acid comprising a nucleic acid of claim 5, whereby NF-kB activation is increased or 
decreased in the cell. 

1 1 . A method of modulating the activation of a T-cell, the method 
comprising administering to a cell a fusion protein encoded by an isolated nucleic 
acid comprising a nucleic acid of claim S, whereby T-cell activation is increased'or 
decreased. 

12. A method of treating systemic lupus erythematosis, the method 
comprising administering to a mammal a fusion protein encoded by an isolated 
nucleic acid comprising a nucleic acid of claim 5, whereby the symptoms of systemic 
lupus erythematosis are ameliorated. 

13. A method of suppressing the inmiune system of an organ- 
transplant patient, the method comprising administering to the patient a fusion protein 
encoded by the isolated nucleic acid comprising a nucleic acid of claim S, such that 
the patient's immune system is suppressed. 

14. A method of inhibiting the T-cell receptor-induced activation of a 
T-cell, the method comprising administering to a mammal a fusion protein encoded 
by an isolated nucleic acid comprising a nucleic acid of claim 5, such that T-cell 
activation is inhibited in the mammal. 
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15. A method of inhibiting PKC6 translocation to the supramolecular 
activation cluster in a T-cell, the method comprising administering to a mammal a 
fusion protein encoded by an isolated nucleic acid comprising a nucleic acid of claim 
5, such that PKC0 does not translocate to the supramolecular activation cluster. 

16. A method of inhibiting formation of a supramolecular activation 
cluster in a T-cell, the method comprising administering to a mammal a fusion protein 
encoded by an isolated nucleic acid comprising a nucleic acid of claim 5, such that the 
components of the supramolecular activation cluster do not associate to form the 
supramolecular activation cluster. 

17. A composition comprising a fusion protein encoded by an isolated 
nucleic acid comprising a nucleic acid of claim 5 and a pharmaceutically*acceptable 
carrier. 

18. An isolated peptide comprising SEQ ID NO:3. 

19. An isolated peptide that is 80% identical to SEQ ID N0:3. 

20. An isolated peptide comprising SEQ ID NO:3 or any modification, 
variant, mutant or fragment thereof having the biological activity of interacting with 
PDK-1. 

21. A fusion protein comprising an isolated peptide comprising SEQ 
ID NO:3 and a raembrane-permeabilizing sequence. 

22. A fusion protein comprising an isolated peptide comprising SEQ 
ID NO:3 or any modification, variant, mutant or fragment thereof having the 
biological activity of interacting with PDK-1, and a membrane-pemieabilizing 
sequence. 
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ggctcgctgc 


ttaagagata 


ctgaacagat 


cttcagagaa 


960 
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Qor^ccgattQ 


aaattggtct 


cccatgctcc 


atcaaaaatg 


aagcaaggcc 


gccatgttta 


1020 


ccgacacc99 


gaaaaagaga 


gcctcagggc 


atttcctggg 


agtctccgtt 


qqatqaqqtq 

33 ^3*^33 "^3 


1080 




gccatctCcc 


agaacctgaa 


ctgaacaaag 


aaagaccatc 


tctgcagatt 


114 0 


aaact^aaaaa 


1 1 gagga 1 1 1 


tiatictitgcac 


aaaatgttgg 


oaaaaoaaaa 


ttttaacaao 


1200 


atCtltlCCtCTQ 


cagaati^caa 


gaaaaccaat 


caat ttcg 


caataaacrac 


c t t^aaacfaaA 


1260 


www. 


tiQa^QQacaa 




tacacaataa 


taaaoaaaaa 


acfttctt tec 


1320 




agca^ccgtt 


t^ctgacgcac 


atgttttgta 


cattccagac 


caaggaaaac 


1380 


ctcttttttg 


tqatQaaata 


cctcaacgga 


qaqqacttaa 


tgtaccacat 


ccaaagctgc 


144 0 


cacaa9t:tC9 


acctttccag 


agcgacgt 1 1 


tatgct:gctg 


aaatcaCCct 


taotctacaa 


1500 


^^ccCtca^t 


ccaaaggaati 


agtc^acagg 


gacc^gaagc 


tagaCaacat 


cc tottaaac 


1560 


aaaaatqcrac 


ata^caaga^ 


cgcggatttt 


QaaatQtaca 


aaaaaaacat 


at t aaaaaa t 


1620 


9ccaa9ac9a 


ataccttctg 


tgggacacct 


gactaca^cg 


ccccagagat 


ct toctaoot 

W W W w 


1680 


cagaaataca 


accactctgt 


QQactQQtqg 


tiCCttcqqqq 


ttctccttta 


tgaaatgctg 


1740 


attggtcagt 


cgcctttcca 


c QQQ c aqua t. 


qagqaqqaac 


tctit.ccac^c 


catccgcatg 


1800 


gacaatccct: 


t^^Cacccacg 




aaggaagcaa 


aaaa c c t ti c t: 


aataaaac tc 


1860 


w w 


aacctgagaa 


craaQCtaaac 


IS ^3"3333^3 


acat^ccacca 




192 0 




tcaactggga 


ggaacttigaa 




w C» ^ Vv 01Vi> w 


3 ^ ^^^33*^^3 


198 0 


aaagtgaaat: 


caccatttiga 


ctiacaacaati 


W W W U W VCtiGL^ 


a d ^ h> w i» w n a ci. 


c*y ci w> 1.1. 


2 04 0 


cggctgtcat 


t^gccgacag 


agcactgaCc 


aacaacataa 


accagaat at 


at t c^aciaaac 


2100 


ttttccttca 


^gaaccccgg 


3 ** 3 SJ 3 3 stf 


ctgatatcct 


aaatc ttacc 


t AaAaa 

\» Vi* w V> ^ Ci3 ^3 


2 160 


caggaaagaa 


tttgccttct 


ccctgggaac 


tggttcaaga 


aacactact t 


aaattcc tt t 


2220 


tt:caactt99 


aaaaagaaag 


aaacac^caa 


caa^aaagac 


tgagacccgt 


t.caccccca.tL 

^ z3 ^ 


2280 


gtgactttat 


ctgCagcaga 


aaccaagtct^ 


act tcactiaa 


tgacga tgcc 


atatatct ca 


234 0 


tctcctgaca 


tgtctcacag 


acgctcctga 


agttaggtca 


ttactaacca 


tagttattta 


2400 


cttgaaagat 


gggtctccgc 


acttggaaag 


gtttcaagac 


ttgatactgc 


aataaattat 


2460 


ggcCcttcac 


ctgggcgcca 


actgctgatc 


aacgaaatgc 


ttgttgaatc 


aggggcaaac 


2520 


ggagtacaga 


cgtctcaaga 


ctgaaacggc 


cccattgcct 


ggtctagtag 


cggatctcac 


2580 


tcagccgcag 


acaagtaatc 


actaacccgt 


tttattctat 


cctatctgtg 


gatgtataaa 


2640 
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tgctgggggc cagccctgga taggttttta tgggaattct ttacaataaa catagcttgt 2700 
acttg 2705 

<210> 2 

<211> 706 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Ser Pro Phe Leu Arg lie Gly Leu Ser Asn Phe Asp Cys Gly Ser 
15 10 15 

Cys Gin Ser Cys Gin Gly Glu Ala Val Asn Pro Tyr Cys Ala Val Leu 
20 25 30 

Val Lys Glu Tyr Val Glu Ser Glu Asn Gly Gin Met Tyr lie Gin Lys 
35 40 45 

Lys Pro Thr Met Tyr Pro Pro Trp Asp Ser Thr Phe Asp Ala His lie 
50 55 60 

Asn Lys Gly Arg Val Met Gin lie lie Val Lys Gly Lys Asn Val Asp 
65 70 75 80 

Leu lie Ser Glu Thr Thr Val Glu Leu Tyr Ser Leu Ala Glu Arg Cys 
85 90 95 

Arg Lys Asn Asn Gly Lys Thr Glu lie Trp Leu Glu Leu Lys Pro Gin 
100 105 110 

Gly Arg Met Leu Met Asn Ala Arg Tyr Phe Leu Glu Met Ser Asp Thr 
115 120 125 

Lys Asp Met Asn Glu Phe Glu Thr Glu Gly Phe Phe Ala Leu His Gin 
130 135 140 

Arg Arg Gly Ala He Lys Gin Ala Lys Val His His Val Lys Cys His 
145 150 155 160 

Glu Phe Thr Ala Thr Phe Phe Pro Gin Pro Thr Phe Cys Ser Val Cys 
165 170 175 

His Glu Phe Val Trp Gly Leu Asn Lys Gin Gly Tyr Gin Cys Arg Gin 
180 185 190 

Cys Asn Ala Ala He His Lys Lys Cys He Asp Lys Val He Ala Lys 
195 200 205 

Cys Thr Gly Ser Ala He Asn Ser Arg Glu Thr Met Phe His Lys Glu 
210 215 220 

Arg Phe Lys He Asp Met Pro His Arg Phe Lys Val Tyr Asn Tyr Lys 
225 230 235 240 
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Ser Pro Thr Phe Cys 
245 

Arg Gin Gly Leu Lys 
260 

Cys Gin Thr Lys Val 
275 

Ala Glu Ala Leu Ala 

290 

Arg Asp Thr Glu Gin 
305 

Pro Cys Ser lie Lys 
325 

Gly Lys Arg Glu Pro 
340 

Val Asp Lys Met Cys 
355 

Pro Ser Leu Gin lie 
370 

Met Leu Gly Lys Gly 
385 

Lys Thr Asn Gin Phe 
405 

Leu Net: Asp Asp Asp 
420 

Ser Leu Ala Trp Glu 
435 

Gin Thr Lys Glu Asn 
450 

Asp Leu Met Tyr His 
465 

Ala Thr Phe Tyr Ala 
485 

Ser Lys Gly lie Val 
500 

Asp Lys Asp Gly His 
515 

Asn Met Leu Gly Asp 
530 



Glu His Cys Gly Thr Leu 
250 

Cys Asp Ala Cys Gly Met 
265 

Ala Asn Leu Cys Gly lie 
280 

Met lie Glu Ser Thr Gin 

295 

lie Phe Arg Glu Gly Pro 
310 315 

Asn Glu Ala Arg Pro Pro 
330 

Gin Gly lie Ser Trp Glu 
345 

His Leu Pro Glu Pro Glu 
360 

Lys Leu Lys lie Glu Asp 

375 

Ser Phe Gly Lys Val Phe 
390 395 

Phe Ala lie Lys Ala Leu 
410 

Val Glu Cys Thr Met Val 
425 

His Pro Phe Leu Thr His 
440 

Leu Phe Phe Val Met Glu 
455 

lie Gin Ser Cys His Lys 
470 475 

Ala Glu He He Leu Gly 
490 

Tyr Arg Asp Leu Lys Leu 
505 

He Lys He Ala Asp Phe 
520 

Ala Lys Thr Asn Thr Phe 
535 



Leu Trp Gly Leu Ala 
255 

Asn Val His His Arg 
270 

Asn Gin Lys Leu Met 
285 

Gin Ala Arg Cys Leu 

300 

Val Glu He Gly Leu 
320 

Cys Leu Pro Thr Pro 
335 

Ser Pro Leu Asp Glu 
350 

Leu Asn Lys Glu Arg 
365 

Phe He Leu His Lys 
380 

Leu Ala Glu Phe Lys 
400 

Lys Lys Asp Val Val 
415 

Glu Lys Arg Val Leu 
430 

Met Phe Cys Thr Phe 
445 

Tyr Leu Asn Gly Gly 
460 

Phe Asp Leu Ser Arg 
480 

Leu Gin Phe Leu His 
495 

Asp Asn He Leu Leu 
510 

Gly Met Cys Lys Glu 
525 

Cys Gly Thr Pro Asp 
540 
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Tyr lie Ala Pro Glu lie Leu Leu Gly Gin Lys Tyr Asn His Ser Val 
545 550 555 560 

Asp Trp Trp Ser Phe Gly Val Leu Leu Tyr Glu Met Leu lie Gly Gin 
565 570 575 

Ser Pro Phe His Gly Gin Asp Glu Glu Glu Leu Phe His Ser lie Arg 
580 585 590 

Met Asp Asn Pro Phe Tyr Pro Arg Trp Leu Glu Lys Glu Ala Lys Asp 
595 600 605 

Leu Leu Val Lys Leu Phe Val Arg Glu Pro Glu Lys Arg Leu Gly Val 
610 615 620 

Arg Gly Asp lie Arg Gin His Pro Leu Phe Arg Glu lie Asn Trp Glu 
625 630 635 640 

Glu Leu Glu Arg Lys Glu lie Asp Pro Pro Phe Arg Pro Lys Val Lys 
645 650 655 

Ser Pro Phe Asp Cys Ser Asn Phe Asp Lys Glu Phe Leu Asn Glu Lys 
660 665 670 

Pro Arg Leu Ser Phe Ala Asp Arg Ala Leu lie Asn Ser Met Asp Gin 
675 680 685 

Asn Met Phe Arg Asn Phe Ser Phe Met Asn Pro Gly Met Glu Arg Leu 
690 695 700 

He Ser 
705 



<210> 3 

<211> 14 

<212> PRT 

<213> Homo sapiens 



<400> 3 

Met Asp Gin Asn Met Phe Arg Asn Phe Ser Phe Met Asn Pro 
15 10 



<210> 4 

<211> 42 

<212> DNA 

<213> Homo sapiens 

<400> 4 

atggaccaga atatgttcag gaacttttcc ttcatgaacc cc 4 2 
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